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LETTER  OF  TRANSMITTAL. 


Wab  Department, 

WaaMngrtonj  December  7, 1920. 

Sir  :  1  Itiave  the  honor  to  transmit  herewith  a  letter  from  the  Chief 
of  Engineers,  United  States  Army,  of  9th  ultimo,  together  with 
report  of  Col.  J.  G.  Warren,  Corps  of  Engineers,  Division  Engineer, 
L^es  Division,  dated  August  30,  1919,  on  investigation  of  water 
diveTsion  from  the  Great  Lakes  and  Niagara  Kiver,  including 
navigation,  sanitary  and  power  purposes,  and  the  preservation  of 
the  sceme  beauty  of  Niagara  Falls  and  the  rapids  of  Niagara  River, 
authorized  by  public  resolution  No.  8,  Sixty-nfth  Congress ;  also  re- 
port of  the  Board  of  Engineers  for  Rivers  and  Harbors,  dated 
August  24, 1920,  reviewing  the  matter. 

Attention  is  invited  to  the  recommendation,  concurred  in  by  the 
Chief  of  Engineers,  that  all  inclosures  and  illustrations,  except  Ap- 
pjendix  I,  be  printed;  and  it  is  therefore  certified  that  such  illustra- 
tions are  necessary  to  a  complete  understanding  of  the  matter. 
Yery  respectfully, 

Newtok  D.  Baker, 

Secretary  cf  War. 
The  Speaker  of  the  House  or  Representatives. 


LETTER  OF  SUBMITTAL. 


Wab  Depabtment, 
Office  of  the  Chief  of  Enqineebs, 

Washington^  November  P,  19i0. 

From:  The  Chief  of  Engineers,  United  States  Army. 

To:  The  Secretary  of  War. 

Subject:  JDiVersion  of  water  from  the  Great  Lakes. 

1.  There  is  sabmitted  herewith  for  transmission  to  Congress,  re- 
port dated  August  30, 1919,  with  maps  and  appendices,  by  Col.  J.  G. 
Warren,  Corps  of  Engineers,  division  engineer.  Lakes  Division,  on 
investigation  of  water  diversion  from  Great  Lakes  and  Niagara 
Siver,  including  navigation,  sanitary  and  power  purposes,  and  the 
preservation  of  the  scenic  beauty  ox  Niagara  Falls  and  the  rapids 
of  Niagara  River,  authorized  by  public  resolution  No.  8,  Sixty- 
fifth  Congress,  approved  June  30, 1917,  in  the  following  language : 

Resolved  hy  the  Senate  and  House  of  Representatives  of  the  United  States 
of  America  in  Congress  assembled.  That  pubUc  resolution  numbered  forty-five 
of  the  Sixty-fourth  CJongress,  approved  January  19,  1917,  entitled  "  Joint  reso- 
lution authorizing  the  Secretary  of  War  to  Issue  permits  for  additional  diversion 
of  water  from  the  Niagara  River,"  is  continued  In  full  force  and  effect,  and 
under  the  same  conditions,  restrictions,  and  limitations,  until  July  1,  1918 :  Pro- 
Tided,  That  the  Secretary  of  War  is  hereby  authorized  and  directed  to  make 
a  comprehensive  and  thorough  investigation,  including  all  necessary  surveys 
and  maps,  ot  the  entire  subject  of  water  diversion  from  the  Great  Lakes 
and  the  Niagara  River,  including  navigation,  sanitary  and  power  purposes, 
and  the  preservation  of  the  scenic  beauty  of  Niagara  Falls  and  the  rapids  of 
Niagara  River,  and  to  report  to  Congress  thereon  at  the  earliest  practicable 
date.  To  carry  out  the  provisions  of  this  proviso  there  is  hereby  appropriitted, 
out  of  any  money  in  the  Treasury  not  otherwise  appropriated,  the  sum  of 
$25,000. 

The  investigation  has  involved  a  great  amount  of  work,  and  the 
report  thereon  is  a  valuable  and  exhaustive  treatment  of  the  subject. 

2.  This  report  has  b^n  referred,  as  required  by  law,  to  the  Board 
of  Engineers  for  Rivers  and  Harbors,  and  attention  is  invited  to  its 
report  herewith,  dated  August  24,  1920.  The  board  has  reviewed  in 
detail  and  commented  upon  the  several  problems  involved,  and  in  the 
last  few  pages  sums  up  its  conclusions  and  recommendations,  in  which 
I  concur,  except  so  far  as  relates  to  the  diversion  to  be  permitted  to  be 
made  by  the  Chicago  Sanitary  District  In  respect  to  this,  the  trus- 
tees of  the  district  have  already  b^n  advised  that  the  Chief  of  En- 
gineers would  not  recommend  to  Congress  any  diversion  greater  than 
250,000  cubic  feet  per  minute,  the  limit  set  in  the  permit  of  the  Secre- 
tary of  War  dated  January  17,  1903,  until  the  district  had  worked 
out  and  presented  a  suitable  ana  comprehensive  plan  for  treating  its 
sewage  so  as  to  render  it  inoffensive  and  innocuous  and  at  the  same 
time  reduce  to  a  minimum  the  quantity  of  water  necessary  for  its 
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dilution  and  transportation.  This  office  has  been  informed  that  the 
sanitary  district  is  now  making  the  necessary  studies  and  that  plans 
based  upon  them  will  ultimately  be  presented  for  the  approval  of  the 
War  Department.  Decision  as  to  the  diversion  of  the  Chicago  Sani- 
tary Canal  should  therefore  be  deferred. 

3.  It  is  my  imderstanding  that  the  methods  proposed  by  the  divi- 
sion engineer  and  the  Board  for  Rivers  and  Haroors  for  utilizing^ 
the  water  power  of  the  Niagara  River  and  for  preserving  the  scenic 
beauty  of  the  Falls  are  type  plans  merely.  They  show  the  results- 
which  can  be  secured  but  are  not  intended  to  be  detailed  or  to  prevent 
the  adoption  of  any  other  plans  which  may  appear  preferable  afteir 
such  further  study  of  the  problems  as  may  seem  advisable  when  the 
work  is  finally  authorized  to  be  done. 

4.  Attention  is  particularly  invited  to  the  final  paragraph  recom- 
mending that  all  inclosures  and  Ulustrations^  except  Appendix  I^ 
be  printed. 

Laksiko  H.  Beach, 

Major  OenercoL^ 


REPORT  OF  BOARD  OF  ENGINEERS  FOR  RIVERS  AND  HARBORS. 

[Second  Indorsement.] 

Board  op  Engineers  for  Rivers  and  Harbors, 

August  H,  1920. 
To  the  Chief  op  Engineers,  United  States  Armt  : 

1.  This  is  a  report  by  the  division  engineer  of  the  Lakes  division 

made  in  compliance  with  the  provisions  of  public  resolution  No.  8, 

Siirty-fifth  Congress,  which  reads  as  follows : 

Resolved  by  the  Senate  and  House  of  Representatives  of  the  United  States  of 
America  m  Congress  assembled.  That  public  resolution  numbered  forty-five  of 
the  Stxty-fourtb  Congress,  approved  January  19,  1917,  entitled  "  Joint  resolu- 
tion authorizing  the  Secretary  of  War  to  issue  permits  for  additional  diversion 
of  water  from  the  Niagara  River,"  is  continued  in  full  force  and  effect,  and 
under  tbe  same  conditions,  rastrictions,  and  limitations,  until  July  1,  191S: 
Provided,  That  the  Secretary  of  War  is  hereby  authorized  and  directed  to 
make  a  comprehensive  and  thorough  Investigation,  including  all  necessary  sur- 
veys and  maps,  of  the  entire  subject  of  water  diversion  from  the  Great  Lakes 
and  the  Niagara  River,  including  navigation,  sanitary  and  power  purposes,  and 
the  preservation  of  the  scenic  beauty  of  Niagara  Falls  and  the  rapids  of  Niagara 
River,  and  to  report  to  Congress  thereon  at  the  earliest  practicable  date.  To 
carry  ont  the  provisions  of  this  proviso,  there  is  hereby  appropriated,  out  of 
&ny  money  in  the  Treasury  not  otherwise  appropriated,  the  sum  of  $25,000. 

2.  The  report  is  an  exhaustive  presentation  of  the  facts  regarding 
all  existing  diversions  from  the  Great  Lakes  for  navigation,  for 
sanitation,  and  for  the  generation  of  power  and  of  the  effects  of  such 
diversions  upon  the  levels  and  navigability  of  the  Great  Lakes  and 
their  connecting  waters,  as  well  as  upon  the  scenic  beauty  of  Niagara 
Falls  and  of  the  rapids  of  the  Niagara  River.  In  addition,  diver- 
sions more  or  less  seriouslv  contemplated  for  one  or  more  of  the  above 
three  purposes  are  described  and  commented  upon  and  measures  for 
remedying  damage  already  done,  or  likely  to  be  done,  both  to  the 
navigable  capacity  of  the  Great  Lakes  system  and  to  the  scenic 
beauty  of  the  falls  and  rapids  of  the  Niagara  River  are  suggested. 

3.  The  report  is  the  only  comprehensive  and  thorough  investiga- 
tion of  all  these  subjects  ever  made  and  possesses  great  value  not  only 
from  the  technical,  but  also  from  the  very  full  historical  presenta- 
tion of  the  matters  with  which  it  deals. 

4.  The  most  important  features  of  the  report  are  discussions  of, 
first,  the  diversion  of  water  from  Lake  Michigan  through  the  Chi- 
cago Sanitary  Canal ;  second,  existing  and  proposed  diversions  from 
L^eErie;  third,  present  diversions  for  power  purposes  from  above 
Nia^ra  Falls,  possible  increases  in  these  diversions,  the  utilization 
of  diverted  water  to  the  greatest  advantage  and  the  works  which  will 
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neutralize  or  comjpensate  for  injurious  effects  of  such  diversions 
whether  upon  scenic  beauty  or  upon  the  navigable  capacity  of  the 
Great  Lakes  system;  fourth,  the  possibility  or  advantage  of  com- 
bining the  interests  of  navigation  and  of  power  production  in  a 
diversion  into  a  navigable  canal  connecting  the  waters  of  Lake  Erie 
and  Lake  Ontario ;  and,  finally,  the  provisions  of  the  existing  treaty 
regarding  boundary  waters  and  suggestions  of  changes  in  and  addi- 
tions to  it  necessary  to  promote  the  interests  of  both  the  United 
States  and  Canada  and  to  safeguard  them  more  adequately. 

5.  In  the  following  review  of  the  report  all  existing  or  proposed 
diversions  of  whatever  character  from  each  unit  of  the  Great  Lakes 
system  will  be  briefly  described  when  the  corresponding  unit  is  under 
consideration,  and  thus  disposed  of  finally.  In  the  review  and  dis- 
cussion, the  nomenclature  of  the  report  of  the  division  engineer  is 
adopted,  particularly  in  regard  to  the  various  types  of  plants  for 
developing  power  from  the  Niagara  River.  As  herein  used,  a 
"single-stage"  water-power  development  is  one  in  which  water  is 
conducted  in  a  channel  of  some  kind,  whether  artificial  canal,  tunnel, 
or  vertical  penstock,  from  the  upper  level  in  the  Chippawa-Grass 
Island  pool,  at  elevation  about  560,  to  turbines  set  practically  at  the 
elevation  of  the  lower  Niagara  River,  about  248  feet  above  sea  level, 
so  that  the  total  head  due  to  the  difference  between  the  elevation  of 
the  Niagara  River  just  above  the  Falls  and  its  elevation  at  or  near 
its  mouth,  some  310  feet,  is  developed  in  a  single  power  house  at  about 
the  latter  level.  A  "two-stage"  development  is  one  in  which  the 
total  head  is  developed  in  two  power  houses  in  series.  The  "  upper 
stage  "  of  a  "  two-stage  "  plant  is  that  which  corresponds  to  the  head 
due  to  differences  between  the  elevations  of  the  Chippawa-Grass 
Island  and  the  Maid-of-the-Mist  pools,  approximately  220  feet,  and 
the  turbines  at  this  stage  are  set  at  the  level  of  the  latter  pool,  about 
346  feet  above  sea  level.  The  "  lower  stage  "  of  a  "  two-stage  "  de- 
velopment is  one  in  which  the  remaining  portion  of  the  fall  of  the 
Niagara  River,  namely,  that  which  includes  the  Whirlpool  and  the 
Lower  Rapids,  and  which  has  a  head  due  to  the  difference  between 
the  elevations  of  the  Maid-of-the-Mist  pool  and  of  the  Niagara  River 
at  or  near  Lewiston,  or  about  90  feet,  is  developed  in  turbines  set  at 
about  the  latter  level.  The  topographical  conditions  of  the  locality 
are  such  that  a  tunnel,  from  2  to  3  miles  long,  is  a  necessary  feature 
of  this  lower  stage.  The  "  compound  two-stage  "  plan  of  the  division 
engineer  contemplates  the  development  of  the  energy  of  a  diversion 
of  20,000  cubic  feet  per  second,  with  an  upper  stage  in  which  the  exist- 
ing head-race  canal  and  power  station  No.  3  of  the  Niagara  Falls 
Power  Co.  diverting  10,000  cubic  feet  per  second,  are  retained  and 
augmented  by  a  head-race  tunnel,  practically  parallel  to  the  canal  and 
leading  to  a  new  power  station  practically  in  upstream  prolongation 
of  station  No.  3.  Both  these  stations  would  discharge  into  another 
tunnel  which  would  lead  the  water  to  the  turbines  of  the  lower  stage 
in  a  power  house  near  the  river  level  just  above  Lewiston.  The 
"  simple  two-stage  "  plan  discussed  by  the  division  engineer  is  one  in 
which  an  entirely  new  diversion  of  20,000  cubic  feet  per  second  is 
developed  by  means  of  two  sets  of  turbines  in  series,  a  pressure 
tunnel  from  near  Port  Day  on  the  Chippawa-Grass  Island  pool  con- 
ducting the  water  to  the  turbines  of  the  upper  stage  in  a  new  power 
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house  near  the  level  of  the  Maid-of-the-Mist  pool,  nlK)ut  midway 
between  the  arched  bridge  at  Niagara  Falls  and  8uspension  Bridge. 
These  turbines  would  discharge  into  a  pres.sure  tunnel  leading  to  a 

power  station  for  the  lower  stage  similar  to  that  called  for  in  the 

preceding  plan. 

REVIEW  or  REPORT  OF  DIVISION  ENGINEER,  PARAGRAPHS  G-C7,  INt'Ll'SIVE. 

6.  Diversions  from  the  Great  Lakes  fall  into  three  classes  as  con- 
cerns their  effects.    These  classes  are  (a)  those  returned  to  the  same 
Ixxiy  or  level  of  water  from  which  they  are  taken  and  which  there- 
fore do  not  affect  water  levels  anywhere,  and,  doing  no  damage,  re- 
Suire  no  limitation;  (6)  those  which  are  restored  to  a  lower  level  of 
le  Great  Lakes  system  and  wliich  reduce  depths  at  and  above  the 
X)oint  of  diversion,  and  all  others  downstream  thereof  to,  but  not  in- 
cluding, the  body  of  water  into  which  they  discharge;  and  (c)  those 
which  are  permanently  removed  from  the  (jreat  Lakes  Basin,  and 
lower  water  levels  an^  do  damage  at  and  even  upstream  from  the 
point  of  diversion,  as  well  as  at  every  downstream  locality  as  far  as 
tidewater. 

7.  There  are  no  diversions  from  Lake  Superior  of  sufficient  conse- 
quence to  justify  mention.  Small  amounts  of  water  are  taken  for 
the  domestic  purposes  of  some  of  the  communities  on  its  shores.  Such 
small  diversions  find  their  way  back  into  the  lake  and  therefore  do 
not  inftuence  its  level  even  slightly. 

8.  Lake  Superior  discharges  into  the  St.  Marys  Eiver,  which,  as 
is  well  known,  has  been  improved  by  both  Canada  and  the  United 
States,  so  that  navigation  may  readily  overcome  the  fall  of  approxi- 
mately 20  feet  which  naturally  exists  there.  The  United  States  has 
built  four  large  locks  and  there  is  one  such  lock  on  the  Canadian 
side.  In  their  operation,  from  1,000  to  1,500  cubic  feet  per  second 
is  diverted  during  the  season  of  navigation  from  the  river  through 
canals  which  conduct  the  water  from  the  upper  level  to  the  locks. 
This  diversion  is,  of  course,  necessary  for  the  maintenance  of  a  highly 
important  navigation,  but  it  is  so  small  as  compared  with  the  dis- 
charge of  the  river  that  even  though  uncompensated,  but  little  effect 
would  be  produced  on  the  level  of  Lake  Superior  and  of  the  river 
above  the  points  of  diversion.  There  are  also  three  diversions  from 
the  St.  Marys  River  for  power  development;  one  of  these  being  in 
Canada  and  the  other  two  in  the  United  States.  The  aggregate  di- 
version for  power  purposes  is  43,000  cubic  feet  per  second,  which 
produces  about  54,750  horsepower,  as  follows : 

Present  operation^  Sault  Ste.  Maiie  power  plants. 


Plant. 


rait  ed  States  Oovenxment 

Miehifran  Nortbem  Power  Co 

Great  Lakes  Power  Go , 
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1  iDcluding  500  cubic  feet  per  second  wasted. 
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This  diversion  is  nearly  60  per  cent  of  the  average  flow  of  the 
river,  which  is  75,000  cubic  feet  per  second,  but  its  ef^cts,  and  those 
of  the  diversions  for  navigation,  are  fully  compensated  by  regulat- 
ing works — a  set  of  Stoney  gates  above  the  International  Bridge* 
The  control  afforded  by  these  gates  is  so  complete  that  in  addition 
to  the  diversions  for  navigation,  60,000  cubic  feet  per  second  may  be 
used  for  power,  while  Lake  Superior  is  ordinarily  held  between  ele- 
vations 602.1  and  603.6  and  its  maximum  range  is  restricted  to  2.5 
feet.  Since  1860  the  monthly  mean  stages  of  this  lake  have  fluctuated 
between  a  low  of  about  600.50  and  a  high  of  604.10,  a  range  of  4.6 
feet.  Daily  mean  stages  have,  of  course,  shown  a  greater  range,  so 
that  the  regulating  works  are  obviously  beneficial  to  navigation.  The 
advantage  of  developing  all  the  water  power  possible  is  also  plain, 
for  the  locality  is  a  remote  one  and  coal  is  expensive.  The  regulat- 
ing works  must  affect  the  oscillations  of  the  lakes  below,  but  up  to 
the  present  this  effect  has  been  slight  and  apparently  no  damage  has 
been  done  to  navigation. 

9.  In  consequence  of  an  act  of  Congress,  one  of  the  power  plants 
on  the  United  States  side  of  the  boundary  was  acquired  by  the  United 
States  in  1912.  It  is  now  operated  by  tne  Edison  Sault  Electric  Co., 
under  a  lease  by  the  Secretary  of  War,  dated  June  25,  1912.  The 
legal  status  of  this  diversion  calls  for  no  further  comment.  The 
other  power  plant  in  the  United  States  is  that  of  the  Michigan  North- 
ern Power  Co.,  which  was  originally  built  in  1898-1902.  under  the 
terms  of  a  permit  issued  by  the  Secretary  of  War,  dated  December 
12,  1902.  its  large  divei-sion,  amounting  to  30,000  cubic  feet  per 
second,  was  the  subject  of  considerable  controvergr  which  was  finally 
settled  by  a  lease  executed  by  the  Secretary  of  War,  dated  May  28, 
1914. 

10.  Under  this  lease,  the  Michigan  Northern  Power  Co.  is  per- 
mitted to  take  for  a  period  of  30  years,  beginning  July  1,  1914,  a 
continuous  flow  of  water  from  St.  Marys  Eiver  above  the  rapids 
not  to  exceed  a  maximum  daily  aggregate  at  the  average  rate  of 
25,000  cubic  feet  per  second  of  primary  water,  with  not  to  exceed 
5,000  feet  of  secondary  water  at  such  times  as  the  level  of  Lake 
Superior  and  the  flow  of  St.  Marys  River  will  permit,  conditioned 
upon  certain  plant  improvements  and  the  construction  of  remedial 
and  compensating  works.  A  later  lease,  dated  September  10,  1918, 
permits  the  use  of  an  additional  3,000  cubic  feet  per  second  of  water, 
referred  to  as  excess  secondary  water,  at  such  time  as,  in  the  opinion 
of  the  lessor,  it  is  available. 

11.  A  number  of  diversions  for  water  supply  are  made  from  Lake 
Michigan  and  the  city  of  Milwaukee  uses  about  1,000  cubic  feet  per 
second  for  flushing  its  harbor,  but  these  are  returned  to  the  lake  so 
close  to  the  point  of  taking  as  to  have  no  effect  upon  its  levels. 
There  are  no  diversions  from  this  lake  for  navigation,  and  the  only 
really  significant  diversion  from  it  is  that  of  the  Chicago  sanitary 
district.  This  diversion  is  primarily  for  sanitation,  and  the  protec- 
tion of  the  water  supply  of  the  city  of  Chicago,  by  preventing  the 
discharge  into  Lake  Michigan  of  the  raw  sewage  of  Chicago  and  the 
vicinity,  under  a  plan  whereby  this  sewage  is  intercepted,  diluted^ 
and  transported  into  another  drainage  system,  that  of  the  Mississippi 
River,  by  way  of  the  Des  Plaines  and  Illinois  Rivers,  incidentally 
creating  facilities  for  navigation  and  for  the  development  of  power. 
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This  purpose  is  accomplished  by  reyersing  the  flow  of  the  Chicago 
and  Calumet  Bivers,  naturally  tributaries  of  Lake  Michigan,  whicn^ 
through  this  change,  become  ordinarily  parts  of  the  Mississippi 
drainage  system.  The  diversion  through  the  Chicago  iSanitary  Canal 
averaged  SySOO  cubic  feet  per  second  in  1917,  althou^  some  daily 
average  were  10,000  cubic  feet  pjer  second  or  more.  Of  this  diver- 
sion, 6,800  cabic  feet  per  second  is  incidentally  used  in  the  develop- 
ment of  i)ower,  as  wul  be  explained  later.  Such  small  navigation 
as  now  exists  would  be  amply  served  by  a  diversion  of  500  cubic  feet 
per  second,  and  twice  that  amount  would  be  sufficient  for  the  needs 
of  the  greatest  probable  commerce  of  the  so-called  Lakes  to  the  Gulf 
Waterway. 

12.  The  Chicago  Sanitary  Canal  diversion  proceeds  from  Lake 
&Iichigan,  whose  normal  elevation  above  sea  level  is  about  580  feet, 
by  way  of  the  Chicago  and  Calumet  Kivers  through  cuts  excavated 
in  the  low  divides  which  separate  the  lake  drainage  from  that  of  the 
Des  Piaines  River,  the  two  uniting  in  an  artificial  channel  whose 
depth  is  over  24  feet  and  whose  width  varies  between  160  and  202 
feet.  The  Chicago  River  portion  of  the  diversions  begins  at  Robey 
Str^t  in  the  W^  Fork  of  the  South  Branch,  and  for  a  length  of 
32.35  miles  has  practically  the  full  canal  dimensions  above  given. 
This  portion  of  the  canal  was  begun  in  1892  and  completed  in  1900. 
The  Calumet  River  diversion  begins  at  Stonev  Creek  on  the  Little 
Calumet  River  and  runs  a  distance  of  16  miles  through  a  shallow 
depression  in  the  divide,  called  "  The  Sag,"  to  a  point  on  the  main 
channel  3  miles  above  Lemont,  the  cut  being  in  the  form  of  a  canal,, 
which  eventually  is  to  be  22  feet  deep  and  70  to  90  feet  wide.  The 
main  channel  or  canal  is  figured  for  a  flow  of  10,000  cubic  feet  per 
second,  and  the  Calumet  Canal  for  an  initial  flow  of  2,000  cubic  feet 
per  second,  to  be  enlarged  ultimately  to  4,000  cubic  feet  per  second. 
The  latter  was  begun  in  1911  and  is  now  nearly  completed. 

13.  The  Chicago  Sanitary  Canal  was  constructed  without  the  sanc- 
tion of  Congress,  and  the  only  existing  authority  for  this  diversion 
is  a  permit  of  the  Secretary  of  War,  dated  January  17,  1903,  grant- 
ing permission  to  divert  350,000  cubic  feet  per  minute,  or  5,883  cubic 
feet  per  second,  during  the  closed  season  of  navigation  prior  to  March 
31,  1903,  and  requiring  reduction  to  250,000  cubic  feet  per  minute, 
or  4,167  cubic  feet  per  second,  thereafter.  This  permit  was  issued 
on  the  understanding  that  it  was  the  intention  oi  the  Secretary  of 
War  to  submit  all  pertinent  questions  connected  with  the  sanitary 
district  of  Chicago  to  Cong^ress.  As  yet  Congress  has  taken  no 
action,  but  meantime  the  sanitary  district  has  for  years  greatly  ex- 
ceeded the  limits  of  the  permit  ot  January  17,  1903. 

14.  In  1908  the  Attorney  General  of  the  United  States  caused  to 
be  filed  in  the  United  States  Circuit  Court,  Northern  District  of 
Illinois,  a  bQl  to  enjoin  the  sanitary  district  of  Chicago  from  con- 
structing the  Calumet-Sag  Canal,  and  diverting  through  it  the  waters 
of  Calumet  River  or  Lake  Michigan,  thereby  reversing  the  current 
in  Calumet  River,  on  the  ground  that  these  acts  would  impede  and 
obstruct  navigation  and  lower  the  level  of  Lake  Michigan,  thus  im- 
pairing its  navigability,  aU  in  contravention  of  section  10  of  the  river 
and  harbor  act  of  March  3,  1899.  The  real  purpose  of  this  suit  was 
to  assert  the  paramount  authority  of  the  United  States  over  the  di- 
version of  the  Chicago  Sanitary  Canal,  and  over  all  acts  such  as 


20       DIVBBSION  OF  WATBB  FBOM  GREAT  LAKES  AND  NIAGARA  RIVER. 

r 

would  tend  to  injure  the  navigability  or  the  navigable  capacity  of 
navigable  waters  of  the  United  States.  Testimony  was  taken  in  this 
case  for  about  five  years  without  reaching  a  decision.  On  October 
6,  1913,  the  issue  was  more  specifically  raised  in  another  bill  filed 
by  the  Attorney  General  of  the  Unitecl  States,  praying  that  the  de- 
fendant be  enjoined  from  diverting  more  than  4,167  cubic  feet  per 
second  from  Lake  Michigan  through  the  Chicago  River.  The  two 
suits  were  consolidated,  heard  as  one,  and,  though  the  presentation 
of  evidence  and  arguments  of  counsel  had  been  completed  in  1915, 
a  decision  had  not  oeen  rendered  at  the  time  of  submission  of  the 
division  engineer's  report ;  that  is,  about  12  years  after  the  original 
bill  had  been  filed. 

15.  There  can  be  no  doubt  that  a  real  need  existed  at  Chicago  for 
a  remedy  for  the  polluted  state  of  its  water  supply  and  of  the  various 
streams  near  by  that  discharged  into  Lake  Michigan.  At  the  time 
the  main  sanitary  canal  was  projected  the  art  of  sewage  purification 
was  in  its  infancy  and  a  project  so  extensive  as  that  of  treating  all 
the  sewage  and  trade  wastes  of  a  population  of  over  a  million  people 
had  nowhere  been  seriously  considered. 

16.  The  remedy  chosen  by  Chicago  for  the  polluted  state  of  its 
water  supply  and  of  its  watercourses  was,  however,  damaging  to 
other  interests.  It  is  definitely  known  that  the  diversion  of  the 
amount  of  water  authorized  to  be  taken  by  the  terms  of  the  permit 
of  1903,  namely,  4,167  cubic  feet  per  second,  at  mean  stages  would 
lower  the  level  of  Lakes  Michigan  and  Huron  about  0.2  foot,  of 
Lakes  Erie  and  Ontario  about  as  much,  and  of  the  St.  Lawrence 
River  at  Lock  25  about  0.28  foot.  The  average  diversion  for  1917, 
8,800  cubic  feet  per  second,  being  imcompensated,  has  lowered  the 
level  of  Lakes  Michigan  and  Huron  about  0.43  foot,  of  Lakes  Erie 
and  Ontario  about  0.41  foot,  and  of  the  St.  Lawrence  River  at  rx)ck 
25  about  0.57  foot.  Damage,  varying  in  amount  with  the  locality, 
extends  from  the  lower  miter  sills  of  the  locks  at  Sault  Ste.  Marie 
through  all  the  lakes  and  connecting  channels  to  tide  water  in  the 
lower  St.  Lawrence  River,  and  its  amoimt  increases  in  the  same  pro- 
portion as  the  diversion  at  Chicago  increases. 

17.  The  dilution  plan  of  the  Chicago  Sanitary  District  has  not 
completely  protected  its  domestic  water  supply.  The  uncertainty 
as  to  the  quality  of  the  water  arises  from  the  freshets  of  the  Chicago 
and  Calumet  Rivers,  which  often  exceed  the  volume  of  lake  water 
diverted  through  the  corresponding  channels,  the  coincident  tempo- 
rary reversal  of  the  currents  of  these  rivers  causing  corresponding 
pollution  of  the  lake.  This  condition  is  sure  to  increase  with  popu- 
lation and  industrial  activity  unless  the  amount  of  the  diversion  is 
also  largely  increased,  or  unless  steps  are  taken  for  the  treatment  of 
the  sewage  and  trade  wastes  now  finding  their  way  into  the  two 
streams. 

18.  The  report  emphasizes  the  harm  done  by  the  Chicago  Sanitary 
Canal  in  lowering  the  levels  and  diminishing  the  depths  available 
for  navigation  from  the  lower  sills  of  the  locks  at  Sault  Ste.  Marie 
clear  down  to  tidewater,  but  the  division  engineer  feels  forced  to 
make  some  concession  to  the  existing  status  of  aflfairs,  and  he  there- 
fore, with  evident  reluctance,  recommends  that  the  Sanitary  District 
of  Chicago  be  authorized  to  divert  not  exceeding  10,000  cubic  feet 
per  second,  conditioned  upon  supervision  of  the  diversion  by  the 
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Secretary  of  War  at  the  expense  of  the  sanitary  district,  and  upon 
the  further  stipulations  that  no  dangers  to  navigation  sliall  be  caused 
by  the  diversion,  that  the  district  assume  responsibility  for  all  dam- 
ages incident  to  the  diversion,  that  it  pay  its  due  share  of  the  cost  of 
necessary  compensating  works,  that  it  agree  not  to  request  or  make* 
any  greater  diversion,  that  it  pay  to  the  United  States  a  tax  or  fee* 
dependent  on  the  additional  amount  of  power  that  the  diverted  water 
couid  develop  in  the  Niagara  and  St.  Lawrence  Rivers,  and  that  it 
secure  authority  from  the  State  of  Illinois  for  the  provision  of 
works  for  sewage  disposal  other  than  by  dilution  and  then  provide 
such  facilities  as  needed  to  care  for  the  growth  of  its  population. 

19.  While  there  are  small  diversions  from  Lake  Huron  for  domes- 
tic water  supplies  in  Canada  and  the  United  States  which  do  not 
aSect  the  level  of  the  lake  nor  the  volume  of  its  discharge,  there  is 
one  diversion  from  that  lake  worthy  of  mention.  This  is  the  Black 
River  Canal,  which  extends  from  a  point  on  the  west  shore  of  Lake 
Huron,  about  If  miles  north  of  the  foot  of  the  lake,  westward  about 
1  mile  to  the  Black  Eiver.  From  the  canal  junction  the  Black  Kiver 
flows  4i  miles  southerly  through  Port  Huron  to  the  St.  Clair  River^ 
about  ^  miles  below  the  foot  of  Lake  Huron.  The  sewage  from  a 
large  part  of  Port  Huron  and  the  wastes  from  a  sulphite  pulp  mill 
are  discharged  into  the  Black  Kiver.  The  canal  was  constructed  by 
the  city  of  Port  Huron,  without  Federal  permitj  to  flush  Black  River, 
which  otherwise  would  be  stagnant  and  insanitary.  The  canal  has 
a  bottom  width  of  25  feet  with  side  slopes  of  approximately  1^  on  1, 
the  average  depth  is  6  feet,  and  the  average  fall  about  li  feet.  The 
diversion  from  Lake  Huron  averages  400  cubic  feet  per  second,  and 
lowers  the  lake  about  one- fourth  inch.  Though  this  diversion  pro- 
duces a  negligible  effect  upon  navigation,  it  is  important  in  principle. 
No  increase  in  it  should  be  permitted. 

20.  Continuing  downstream,  except  a  number  of  diversions  for 
domestic  purposes  which,  as  already  explained,  do  not  produce  any 
hurtful  effects,  there  are  no  diversions,  existing  or  proposed,  from 
the  St.  Clair  River,  Lake  St.  Clair,  and  the  Detroit  River,  though 
there  have  been  improvements  of  shoals  in  all  three  which  might  have 
tended  to  enlarge  their  capacity  for  discharge.  Considering  these 
three  bodies  of  water  as  a  unit,  it  may  be  said  that  its  discharge 
capacitv  affects  the  levels  of  the  two  lakes  above  and  of  the  St. 
Marys  Oliver  to  the  lower  lock  sills.  So  far  as  can  be  judged,  the 
works  of  channel  improvement  have  been  planned  so  as  to  give  it 
liberal  facilities  for  navigation,  while  at  the  same  time  the  depths  of 
the  waterways  and  barters  above  the  improved  localities  have,  by 
the  exercise  of  proper  precautions,  been  protected  from  damage,  and 
there  has  been  no  effect  of  any  kind  produced  below  the  mouth  of 
the  Detroit  River. 

21.  There  are  numerous  diversions  from  Lake  Erie  for  domestic 
purposes,  and  these  produce  no  hurtful  effects  either  on  Lake  Erie 
or  anywhere  else.  As  already  stated,  the  Chicago  diversion  has 
lowered  Lake  Erie  about  0.41  foot,  and  there  are  two  other  diver- 
sions from  the  lake  which  have  also  reduced  its  levels.  In  addition,, 
some  of  the  diversions  from  the  Niagara  River  have,  as  will  be  ex- 
plained later,  also  lowered  this  lake. 

22.  The  detrimental  diversions  from  Lake  Erie  itself  are  the 
WelJand  Canal  in  Canada  and  the  Black  Rock  Canal  in  New  York^ 
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23.  The  Welland  Canal  is  26|  miles  long,  and  extends  from  Lako 
Erie  at  Port  Colbome,  northward  to  Lake  Ontario  at  Port  Dalhousio. 
Its  total  drop  from  Lake  Erie  to  Lake  Ontario  averages  326.35  feet, 
overcome  by  25  lift  locks  and  one  guard  lock.  The  locks  are  270 
feet  long,  45  feet  wide,  and  have  14  feet  depth  on  the  miter  sills. 
The  volume  diverted  from  Lake  Erie  is  approximately  4,500  cubic 
feet  per  second,  and  in  addition  it  receives  about  40  cubic  feet  per 
second  from  the  Grand  River,  naturally  a  tributary  of  Lake  Erie. 
Of  these  diversions,  approximately  900  cubic  feet  per  second  is  used 
for  navigation,  including  lockage,  leakage,  and  waste.  Of  the  re- 
mainder, a  very  small  amoimt  is  used  for  sanitary  purposes,  and  the 
balance,  about  3,300  cubic  feet  per  second,  for  power  development. 
At  De  Cew  Falls  there  is  a  high  head  hydroelectric  plant  oi  good 
efficiency,  owned  by  the  Hamilton  Cataract  Power,  Light  &  Traction. 
Co.,  which  has  leases  for  the  continuous  use  of  1,160  cubic  feet  per 
second,  but  appears  to  use  about  2,100.  The  plant  has  a  capacity  of 
over  50,000  horsepower.  The  remainder  of  the  water  is  used  ineffi- 
ciently at  a  large  number  of  small  developments  having  a  combined 
capacity  not  exceeding  15,000  horsepower.  There  has  been  very  little, 
if  any,  increase  of  diversion  since  May  31,  1910,  the  date  on  whicli 
the  boundary  waters  treaty  was  proclaimed. 

24.  This  canal  is  now  being  enlarged,  partially  along  a  new  route. 
It  is  to  have  a  total  length  of  25  miles,  and  the  difference  of  eleva- 
tion of  Lakes  Erie  and  Ontario  is  to  be  overcome  by  seven  locks,  each. 
having  a  lift  of  46i  feet.  The  locks  are  to  be  800  feet  long  by  80  feet 
wide  m  the  clear,  with  30  feet  of  water  over  the  miter  sills  at  ex- 
treme low  stages  in  the  lakes.  The  canal  will  have  a  bottom  width 
of  200  feet,  and  for  the  present  will  be  excavated  to  a  depth  of  25 
feet  only,  though  all  structures  will  be  sunk  to  the  30- foot  depth,  so 
that  the  canal  can  be  deepened  at  any  future  date  by  dredging  the 
reaches.  Its  operation  is  estimated  to  require  a  diversion  of  about 
2,000  cubic  feet  per  second,  and  the  total  diversion  of  the  Welland 
Canal  will  then  be  about  5,300  cubic  feet  per  second. 

25.  The  Black  Rock  Canal  is  at  Buffalo,  N.  Y.,  where  it  provides  a 
waterway,  with  a  modem  lock  adequate  for  the  lai^est  lake  freighters, 
around  the  swift,  shallow  rapids  at  the  head  of  Niagara  River.  The 
canal  is  formed  by  a  wall  or  dike  known  as  Bird  Island  Pier,  extend- 
ing from  a  point  opposite  the  foot  of  Maryland  Street,  Buffalo,  to 
the  head  of  Squaw  Island,  about  2J  miles,  and  by  the  passage  between 
Squaw  Island  and  the  main  shore.  Within  this  area,  which  is  3^ 
miles  long  and  from  220  to  1,400  feet  wide,  is  a  dredged  channel  21 
feet  deep  and  at  least  200  feet  wide.  The  Black  Rock  Lock  has  a 
usable  length  of  625  feet,  usable  width  of  68  feet,  and  a  depth  of  22 
feet  on  the  miter  sills  at  low  stage.  The  diversion  into  the  canal  from 
Lake  Erie  is  estimated  to  be  about  700  cubic  feet  per  second,  of  which 
250  feet  leaks  back  into  the  Niagara  River  through  the  dike,  400  is 
delivered  into  the  head  of  the  old  Erie  Canal,  and  the  remainder  is 
consumed  in  lockage.  In  the  early  days  of  the  canal  water  power 
was  developed  at  Black  Rock,  but  this  was  discontinued  many  years 
ago.  The  400  cubic  feet  per  second  now  discharged  into  the  Erie 
(Janal  partially  flushes  the  sewage  discharged  into  the  abandoned 
portion  of  the  canal  between  Buffalo  and  Tonawanda. 

26.  The  Welland  Canal  affords  the  only  navigable  connection  be- 
tween Lakes  Erie  and  Ontario  and  serves  a  traffic  of  4,000,000  to 
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5,000,000  tons  annually,  of  which  about  10  per  cent  pertains  to  the 
United  States.    The  Black  Rock  Canal  affords  a  safe  route  for  an  im- 
portant and  growing  tonnage  and  incidentally  it  gives  access  to  the 
New  York  Barge  Canal.    Evidently  the  relatively  small  portions  of 
these  diversions  that  are  used  for  navigation  are  necessary  and  valu- 
able, and  the  treaty  explicitly  reco^izes  this  fact  by  interposing  no 
limitations  upon  diversions  for  navigation.    The  diversion  for  power 
purposes  via  the  Welland  Canal  should,  however,  not  be  increased. 

2t  Both  of  these  diversions  lower  Lake  Erie  and  certain  waters 
above  and  below  it.  For  convenience,  Tables  47  and  48^  showing  the 
effects  of  these  and  other  existing  and  proposed  diversions  not  only 
on  Lake  Erie,  but  on  all  other  portions  of  the  Great  Lakes  system 
are  here  reproduced,  rendering  needless  further  discussion  of  lower- 
ing effects,  present  and  prospective. 

Table  No.  47. — Effect  in  feet  of  uncompensated  diversions  of  water  from  the 

Great  Lakes. 


Dtwrsion. 


CbicasoI>rmiiiage  Canal 

Welland  Canal 

BlacV  Rock  Slnp  Canal 

New  Y<»kSttt<  Barge  Canal. 
i  power  eompaiilas. . .  ■ 


Total  lovecbig. 


Amount 
in  cubic 
feet  per 
second. 


8,«00 

4,500 

700 

1,000 

S0.88J5 


Ifichigan-HuTon. 


St.  Clair. 


Low. 


0.44 
.02 

.01 


.!     .41 


Mean. 


0.43 

.03 

0) 

(^ 
.01 


.4i 


High. I  Low.  Mean 


0. 42  I  0.  S.") 
.04  ;  .OH 
0)   I    .01 

(')     (') 

.02       .03 


.48 


0.35 
.09 
.01 

(') 
.05 


50 


High, 


Erie. 


Low. 


Mean.  I  High. 


0.36 
.10 
.02 

(»» 
06 


0.  43     0. 41 
22       .21 


.03 
,01 
.10 


.M 


.79 


.03 

01 

.10 


0.38 
.20 
.03 
.01 
.11 


.73 


DlvviaioiL 

Amount 

in  cubic 

feet  per 

second. 

8,800 

4.500 

700 

1,000 

Niagara  River 
at  Chippewa. 

Ontaric 

High. 

St. 
Riv 

LaviTcnce 
or  at  lx>ck 
No.  25. 

Low. 

0.24 
.12 

Mean. 

0.23 
.12 

Higli. 

Low. 

Mean. 

0.42 

Low. 
0.65 

Mean. 

High 

Cbifiwo  TVn^ipwfB  rApfll 

0.21 
.11 

0.44 

0.39 

0.62 

0  60 

Widlaxid  Canal 

Black  Bock  Sup  Canal 

New  York  State  Barge  Canal 

Niagptn  power  eompanieB 

.03 
.83 

.03 

.60 

.02 

,57 

50,885 



---  — 

Total  loverine 

1.02 

.98 

.91         .44  1      .49 

.39 

.65 

.62 

.60 

I  Inappreciable. 

I^ke  Ontario  has  been  raised  about  0.5G  foot  by  tbe  con.^truction  of  tbe  Gut 
Dam,  which  Is  50  per  cent  more  tban  the  lowering  caust'il  by  diversions  at 
Chicago. 

Stapes  of  the  lakes  referred  to  in  this  la  hie. 


Miclii2'\n-, 
■   Huron.   I 


Low I        579.6  I 

Mean ,       ."isi.  i 

High '       5^2.6  ' 


Erie. 


570.  8 
572. 3 
573.  S 


Ontario. 


244.5 

2ib.0 
247.5 
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Tabi^e  No.  48. — Effect  in  feet  at  mean  stage  of  proposed  diversions  from  the 

Great  Lakes. 


Diversion. 

Proposed 
increase. 

Lakes 
Michigan- 
Huron. 

Lake  St. 
Clair. 

Lake 
Erie. 

Niagara 
River  at 
Chip- 
pewa. 

Uke 
Ontario. 

St.  Law- 

rence 
River  at 
Lock  25. 

1 

Chioaeo  Sanitarv  Canal 

5,200 

1,000 

700 

48,000 

0.25 
.01 

0.21 
.03 

0.23 
.05 
.01 
.22 

0.13 
.03 
.02 

1.25 

0.24 

t 

0.37 

Wellaifid  Canal 

New  York  State  Barge  Canal... 
Niaeara  Falls  rower 

.ca 

.10 

Total  effect  of  proposed 
increases 

.29 
.47 

.33 
.59 

.51 

.76 

L43 

.98 

.24 

.42 

.37 

Total  effect  of  present  diversions. 

.62 

8uzn . . , ,...,, 

.76  1            -A3  i          1.27 

2.41 

.66 

.9» 

From  these  tables  may  be  seen  the  lowering  produced  by  these 
two  diversions,  the  damage  extending  as  far  up  as  the  lower  sills  of 
the  Soo  Locks  and  Lake  Michigan  and  as  far  down  as  the  Lower 
Bapids  of  the  Niagara  River. 

28.  A  private  company  has  for  some  time  been  proposing  to  con- 
struct between  Lake  Erie  and  Lake  Ontario  a  waterway  known  as  the 
Erie  and  Ontario  Sanitary  Canal,  as  a  combined  ship,  sanitary,  and 
power  channel.  The  proposed  canal  would  start  from  a  new  harbor 
south  of  Lackawanna,  N.  Y.,  on  Lake  Erie,  terminate  at  Olcott,  on. 
Lake  Ontario,  and  would  have  a  length  of  40  miles.  At  the  east 
end  of  the  proposed  harbor  in  Lake  Erie  there  would  be  a  lock  to 
lower  vessels  about  8  feet  into  the  head  of  the  canal.  The  route 
then  runs  along  the  eastern  outskirts  of  Buffalo,  through  Hamburg^ 
West  Seneca,  Cheektowaga,  and  Amherst  Townships,  crossing  the 
New  York  State  Barge  Canal  at  grade  in  Pendleton  Township. 
Passing  through  the  west  edge  of  Lockport  Township  it  descends 
from  the  Niagara  escarpment  just. west  of  "Lockport  Gulf"  by 
means  of  a  pair  of  balanced  lift  locks,  which  would  afford  access  to 
the  "  Ontario  Plain,"  elevation  about  351,  the  drop  therefore  being 
209  feet.  Another  pair  of  balanced  locks  would  overcome  the  re- 
maining drop  of  104  feet  to  the  level  of  Lake  Ontario  near  the 
mouth  of  Eighteen  Mile  Creek.  It  is  proposed  to  divert  through 
the  canal  26,000  cubic  feet  per  second,  being  the  maximum  amount 
allowed  by  the  treaty  with  Great  Britain  for  power  with  6,000  feet 
additional  for  sanitation.  This  canal  would  lower  Lake  Erie  an 
average  of  1.18  feet,  interrupt  83  railroad,  electric  railway  and  high- 
way lines,  and  endanger  the  New  York  Barge  Canal.  The  plan  of- 
fers no  advantages  for  either  navigation  or  power,  it  is  not  regarded 
as  economical  or  desirable  for  sanitary  purposes,  and  construction 
is  not  recommended. 

29.  In  leaving  Lake  Erie,  the  Niagara  River  falls  with  relative 
rapidity,  the  drop  in  the  distance  of  4  miles  to  the  foot  of  Squaw- 
Island  being  some  5.1  feet.  From  this  point  to  a  mile  above  the 
Welland  River,  a  distance  of  about  17  miles,  the  fall  is  4.8  feet,  and 
then  there  follows  a  level  pool  called  the  Chippawa-Grass  Island 
pool,  about  2  miles  long,  whose  average  elevation  above  sea  level  is 
563  feet.  Below  this  pool  are  the  cascades  and  rapids,  which  de- 
scend 50  to  55  feet,  and  lead  to  the  two  falls,  the  Horseshoe  and  the 
American,  which  drop,  respectively,  162  and  167  feet  into  the  Maid- 
of-the-Mist  pool,  whose  average  elevation  is  343  feet,  the  difference 
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between  the  two  pools  thus  bein^  220  feet.  The  Maid-of-the-Mist 
pool  leads  into  the  Whirlpool  Rapids  and  the  Lower  Rapids  with  a 
wmbined  fall  of  about  95  feet.  The  Ijower  Rapids  tennmate  in  the 
river  near  Lewiston,  where  the  level  is  substantially  that  of  Lake 

Ontario,  average  elevation  about  245  feet  above  the  sea.    The  only 

diversions  now  made  from  the  Niagara  River  are  above  the  Falls. 

Three  are  in  the  United  States,  three  in  Canada,  and  a  fourth  in 

Canada  is  in  course  of  completion. 

30.  In  thei  United  Stat^  the  diversion  from  the  Niagara  River 
furthest  upstream  is  that  of  the  New  York  State  Barge  Canal.  It 
provides  a  waterway  12  feet  deep,  and  not  less  than  94  feet  wide, 
except  at  locks,  from  Buffalo  on  Lake  Erie  to  the  Hudson  River  at 
Wateriord,  and  thence  down  the  Hudson  to  New  York  City.  The 
Champlain  branch  from  Waterford  to  Lake  Champlain  is  of  like 
dimensions;  as  are  also  the  short  lateral  branches  at  Rochester  and 
Syncuse;  the  Oswego  branch,  connecting  the  main  canal  with  Lake 
Ontario  at  Oswego;  and  the  Cayuga  and  Seneca  Canal,  connecting 
the  main  canal  with  Cayuga  and  Seneca  Lakes.  It  is  353.1  miles 
fr^m  Buffalo  to  Troy  via  the  canaL  and  153  miles  from  Troy  to 
♦he  Battery  at  New  \  ork  City,  or  506.1  miles  from  Buffalo  to  Kew 
York.  The  sole  water  supply  for  the  western  end  to  a  point  east 
of  Rochester  is  obtained  from  the  Niagara  River  at  Tonawanda. 
The  canal  system  was  opened  at  the  western  end  in  midsummer  of 
1918.  To  ^te  it  is  believed  that  the  diversion  has  been  somewhat 
less  than  the  average  amount  assumed  to  be  required  ultimately, 
namely,  1,237  cubic  feet  per  second.  A  portion  of  the  water  may 
be  and  is  used  for  power  development  at  Lockport,  and  to  a  smaller 
extent  elsewhere  aiong  the  canal,  although  this  is  a  secondary  use, 
the  same  water  being  required  for  navigation  also.  It  is  interest- 
ing to  note  Uiat  the  barge  canal  causes  a  diversion  into  the  Great 
Lakes  Basin  of  about  50  cubic  feet  per  second  from  the  Mohawk 
River  water^ed,  and  another  of  about  35  cubic  feet  per  second  from 
the  eastern  headwaters  of  the  Susquehanna  River. 

31.  In  addition  to  the  diversion  for  navigation  u»«,  there  is  now 
being  diverted  through  the  New  York  State  Bar.^e  Canal  from 
Niagara  River  approximately  500  cubic  feet  per  second  for  power 
development  at  Ix)ckport  and  along  Eighteen  Mile  Creek..  The 
quantity  of  water  required  for  navigation,  while  figured  to  average 
1,237  cubic  feet  per  second,  niay^  with  increasing  Dse  of  the  canal, 
become  considerably  greater.  The  total  developabl  i  head  at  Lock- 
port  and  Eighteen  Jfile  Creek  is  stated  to  be  286.5  feet.  At  Lock- 
port  there  are  three  conduits  or  channels  through  which  water  may  be 
by-passed  around  the  flight  of  locks,  from  the  upper  level  to  the  lower 
level  of  the  barge  canaL  One  supplies  the  plant  belonging  to  the 
State,  which  is  used  for  furnishing  electric  energy  for  lighting  and 
operating  the  locks.  The  other  two  belong  to  thi.  Hydraulic  Race 
Co.,  the  north  tunnel  producing  570  horsepower  with  200  cubic  feet 
per  second  under  50  feet  of  head,  and  the  south  headrace  3,078  horse- 
power with  773  cubic  feet  per  second.  At  various  spillways  of  the 
barge  canal,  power  has  been  developed,  partly  from  the  spill  and 
partly  from  the  small  streams  passing  under  the  canal  in  culverts. 
Along  Eighteen  Mile  Creek  there  are  a  number  of  power  plants, 
having  a  present  total  development  of  4,694  horsepo  wcr ,  with  3,950 
additional  horsepower  practicable. 
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32.  The  two  remaining  diversions  in  the  United  States  are  at  or 
near  Port  Day,  the  upper  one  through  the  canal  and  power  houses 
of  the  original  Niagara  Falls  Power  Co.,  the  lower  through  the 
canal  of  the  former  Hydraulic  Power  Co.  These  companies  are  no^w 
combined  as  a  single  corporation  under  the  name  of  Niagara  Falls 
Power  Co.,  and  together,  at  the  time  of  the  report,  th^  were  divert- 
ing about  17,300  cubic  feet  per  second  from  the  Chippawa-Grass 
Island  pool,  exclusively  for  power  purposes,  generating  an  average 
of  245,000  horsepower. 

33.  In  Canada  at  the  same  time,  the  three  diversions  mentioned 
above  were  taking  about  33,300  cubic  feet  per  second,  exclusively  for 
power  purposes,  and  producing  about  388,600  horsepower.  Of  the 
total  diversion  in  Canada,  the  equivalent  of  about  6,000  cubic  feet  per 
second  was  being  taken  from  the  Chippawa-Grass  Island  pool  and 
all  the  rest  came  from  below  the  first  cascade. 

34.  On  the  New  York  side  the  Hydraulic  Canal  was  being  enlarged 
so  as  to  permit  the  diversion  of  11,000  cubic  feet  per  seconc^  or  more, 
without  undue  loss  of  head,  and  on  the  Canadian  side  the  Hydro* 
Electric  Commission  was  constructing  a  new  power  plant  for  the 
development  of  the  total  fall  between  the  Chippawa-Grass  Island 
pool  and  the  lower  river  at  Queenston,  by  means  of  an  enlargement 
of  the  Welland  River  (Chippawa  Creek)  for  a  distance  of  3.6  miles 
by  dredging  it  to  a  depth  of  25  to  30  feet  and  a  width  of  200  feet. 
From  the  upper  end  of  this  dredged  section  of  the  Welland  River,  the 
plan  includes  a  canal  about  9  miles  long,  48  feet  wide,  and  30  to  35 
leet  deep,  extending  to  a  forebay  and  power  house  at  Queenston, 
where  a  net  head  of  304  feet  is  to  be  developed.  The  works  are  de- 
signed for  a  flow  of  10,000  cubic  feet  per  second,  which  can  be  taken 
only  by  cutting  down  the  total  diversion  now  being  made  by  the 
Canadian  power  plants  at  Niagara  or  by  changing  the  existing  treaty 
limits. 

35.  The  period  from  1890  to  1906  was  one  of  great  activity  in  power 
development  at  Niagara  Falls.  The  diversions  then  contemplated  by 
various  companies  amounted  to  a  very  considerable  portion  of  the 
whole  flow  oi  the  river,  and  at  first  this  aroused  no  opposition.  Event- 
ually, however,  it  came  to  be  believed  that  unrestricted  diversion  of 
the  water  of  the  Falls  might  injure  their  scenic  beauty,  and  wide- 
spread agitation  arose  to  prevent  such  an  occurrence.  At  the  request 
of  Congress  the  International  Waterway  Commission  made  an  in- 
vestigation and  recommended  that  the  diversions  be  limited  by  legis- 
lation or  treaty.  On  June  29, 1906,  the  Burton  Act  was  passed,  and 
limited  diversions  on  the  American  side  by  the  then  existing  users  to 
15,600  cubic  feet  per  second,  with  the  provision  that  further  permits 
might  be  issued  for  additional  diversions  to  such  amount,  if  any,  as 
should  not  injure  the  river  as  a  navigable  stream,  or  as  a  boundary 
stream^  nor  the  scenic  grandeur  of  Niagara  Falls.  This  act  expired 
by  limitation  on  March  4,  1913.  On  May  5,  1910,  there  came  into 
enect  through  the  exchange  of  ratifications  between  the  United  States 
and  Great  Britain  a  treaty  regarding  the  boundary  waters  of  the 
United  States  and  Canada.  Article  V  of  this  treaty  contains  the 
following : 

So  long  as  this  treaty  shall  remain  in  force  no  diversion  of  the  waters  of  the 
Niagara  River  ahove  the  Falls  from  the  natural  course  and  stream  thereof 
shall  be  permitted  except  for  the  purpose  and  to  the  extent  hereinafter  provided. 
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Tbe  United  States  maj  authorize  and  permit  the  diversion  within  the  State 
of  New  York  of  the  waters  of  the  said  river  above  the  Falls  of  Niagara  for 
power  purposes  not  exceeding  in  the  aggregate  a  daily  diversion  at  the  rate  of 
20,000  cubic  feet  of  water  per  second. 

The  United  Kingdom,  by  the  Dominion  of  Canada  or  the  Province  of  Ontario, 
may  antboriie  and  permit  the  diversion  within  the  Province  of  Ontario  of  the 
waters  of  aid  river  above  the  Falls  of  Niagara  for  power  purposes  not  exceed- 
ing in  tte  Aggregate  a  daily  diversion  at  the  rate  of  86,000  cubic  feet  of  water 
per  second. 

Tbe  probibitions  of  this  article  shall  not  apply  to  tbe  diversions  of  water  for 
sanitary  or  domestic  purposes  or  for  the  service  of  canals  for  the  purposes  of 
narjgation. 

While  this  article  set  the  limit  for  diversions  in  the  United  States 
at  20,000  cubic  feet  per  second  until  the  close  of  1915,  the  limits  of  the 
Burton  Act  were  observed,  8,600  cubic  feet  per  second  being  allowed 
the  Niagara  Falls  Power  Co.,  6,500  cubic  feet  per  second  going  to  the 
Hydiamic  Power  Co.,  and  500  cubic  feet  per  second  to  the  Hydraulic 
£ace  Co.  at  Lockport.  Due  to  the  urgent  needs  of  war  industries  at 
Niagara  Falls  and  Buffalo,  toward  the  close  of  1915  and  in  1916  and 
1917,  the  two  power  companies  at  Niagara  Falls  were,  step  by  step, 
authorized  to  increase  the  amounts  of  water  diverted  by  them,  and 
finally  were  permitted  to  use  the  full  19,600  cubic  feet  per  second 
available  under  the  treaty. 

36/ The  diversions  by  power  companies  at  Niagara  Falls  as  reported 
by  the  division  engineer  are  shown  by  the  following  table : 

Water  divernonfram  Niagara  River  at  Niagara  FalU, 

United  States:  Cubic  feet 

^riagara  Falb  Power  Co. —  P«r  second. 

Niagara  plant 9, 450 

Hydraulic  plant 7 ,  840 

Pettebone  Cataract  Paper  Co 270 

17,560 

Canada: 

HydroelectRC  Power  Commiaiion  of  Ontario,  Ontario  Power  Co.  plant. . .  11, 200 

ToronU)  Power  Co 1 2, 400 

Canadian  Niagara  Power  Co 9,600 

Inttfnatkoial  Ry .  Co 125 

33,325 

Grand  total 50 ,  885 

As  previously  stated^  the  Nia^ra  Falls  Power  Co.  was  making  an 
addition  to  its  hydrauhc  station  l!fo.  3,  which,  when  completed,  would 
bring  its  total  (diversion  up  to  19,500  cubic  leet  per  second,  with  ca- 
pacity for  usin^  at  least  2,000  cubic  feet  per  second  more,  and  the 
Hydroelectric  Fower  Commission  of  Ontario  had  under  construc- 
tion an  extension  of  the  Ontario  Power  Co.  plant,  which  will  increase 
its  diversion  to  about  13,300  cubic  feet  per  second.  The  commission 
was  also  constructing  a  new  plant  to  utilize  a  diversion  of  10,000 
cubic  feet  of  water  per  second  under  a  head  of  300  feet.  All  the 
existing  plants  at  Niagara  generate  power  under  heads  of  219  feet  or 
less.  The  gross  head  and  power  output  of  the  several  plants  are 
shown  by  the  following  table : 
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Diversion  data  on  Niagara  Falls  potcer  plants. 


Diver- 
sion. 


Canadian  Niagara  Power  Co 

Ontario  Power  Co 

Toronto  Power  Co 

International  Ry.  Co 

Hydroelectric  power  commission  *. 

Niagara  Falls  Power  Co 

Hydraulic  Power  Co 

International  Paper  Co 

Pettebonne<^ataract  Paper  Co 

Cataract  Hotel 


Cttbicfeet 

jpCT  9CC. 

9,600 

11,200 

12,400 

125 

10,000 

9,450 

7,840 


271 


Horse- 

Power 

Gross 

power 

per  cubic 

feet  per 

Overall 

output. 

head. 

efficiency. 

second. 

Horse- 

poioer. 

Feet. 

Percent. 

100,000 

173 

10.4 

53 

163,000 

215            14.6 

60 

125,000 

183            10, 1 

49 

570 

91              4.6 

46 

294,000 

313            20.4 

83 

100,000 

219  ,          10.6 

43 

145,000 

219  < 

18.5 

»75 

2,000 


219 
93 
24 


7.4 


«70 


1  Now  under  construction. 

«  The  Hydraulic  Power  Co.  has  three  tvpes  of  machines  with  widely  different  overall  efficiencies,  as  fol- 
lows: Station  2,  57  per  cent;  direct-current  units  in  station  3,  77  per  cent;  alternatinij^-current  units  in  sta- 
tion 3,  81  per  cent. 

>  Oross  nead  taken  at  mouth  of  outfall. 

37.  By  careful  observation  made  during  previous  investigations 
at  Niagara  Falls,  it  has  been  found  that  diversions  above  them  may 
affect  the  navigable  capacity  of  the  Niagara  River,  and  the  level  of 
Lake  Erie,  and  the  waters  above  it,  or  they  may  affect  only  the 
scenic  beauty  of  the  Falls,  including  the  rapids  above  and  below^ 
or  injury  may  be  done  to  both  navigation  and  scenic  beauty.  The 
first  cascade  is  a  rock  barrier  with  a  clear,  vertical  drop  of  from  5 
to  10  feet.  It  is  thus  a  free  overfall  weir,  and  therefore  the  existing 
diversion  below  it  in  Canada  of  about  27,000  cubic  feet  per  second 
produces  no  effect  on  the  river  above.  The  sole  effect  is  to  diminish 
the  flow  of  the  Canadian  Eapids  and  of  the  Horseshoe  Falls,  thereby 
helping  to  expose  more  of  the  crest  at  each  end,  undoubtedly  a  very 
serious  injury  to  the  harmony  and  beauty  of  the  spectacle,  while 
only  slightly,  if  at  all,  affecting  the  rapids  above  the  Falls.  Except 
the  small  diversion  of  the  barge  canal,  all  the  existing  Canadian  and 
American  diversions  from  the  Niagara  River  discharge  into  the  head 
of  the  Maid-of-the-Mist  Pool,  and  therefore  produce  no  effect  of 
any  kind  below  their  outlets. 

§8.  Diversions  from  the  Chippawa-Grass  Island  pool  damage  the 
scenic  beauty  of  the  Falls  in  precisely  the  same  manner  as  do  the 
diversions  below  the  cascades,  and  additional  similar  damage  is  done 
by  the  diversions  at  Chicago,  and  through  the  Welland  Canal,  the 
total  of  all  these  diversions  being  at  present  about  66,000  cubic  feet 
per  second. 

39.  The  division  engineer 'presents  photographs  to  show  that  the 
diversions  for  power  affect  the  appearance  of  the  American  and 
Canadian  Rapids  and  the  American  and  Horseshoe  Falls,  but  not 
of  the  "Whirlpool  Rapids  or  of  the  Lower  Rapids.  One  set  shows 
conditions  at  extremely  high  stagje,  one  at  about  mean  stage,  and 
one  a  little  below  mean  stage.  Prior  to  the  submission  of  the  main 
report  there  had  been  no  opportunity  for  obtaining  views  at  ex- 
tremely low  stage.  Subsequently,  on  April  22,  1920,  an  unusually 
low  stage  of  Lake  Erie  occurred,  and  it  became  possible  to  obtain 
a  set  of  views  of  the  Falls  with  a  discharge  of  only  about  135,000 
cubic  feet  per  second.    These  views  accompany  the  supplemental  re- 
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port  dated  May  19,  1920,  and  show  the  detrimental  effects  of  low 
Lake  Erie  stages,  and  correspondingly  low  discharges  on  the  scenic 
beauty  of  the  Falls  in  their  natural  condition.  The  effects  of  stage 
upon  the  scenic  beauty  of  the  Falls  and  the  rapids  above  and  below 
are  summarized  in  the  report  as  follows : 

1.  The  American  Rapids  are  not  mncb  affected  by  stage,  but  look  best  with 
a  moderately  lATge  flow. 

2.  The  Canadian  Rapids  are  very  little  affected  by  stage  except  the  north- 
west comer,  which  require  an  extremely  high  stage  to  cover  the  shoal  there. 

3.  The  American  Falls  look  best  at  high  stage. 

4.  The  ''  notch  "  of  the  Horseshoe  Falls  is  of  small  scenic  value  at  any  stage. 
At  low  stages  it  is  more  often  visible  because  there  is  then  less  mist. 

5.  The  ends  of  the  Horseshoe  Falls  look  very  poor  at  low  stage,  and  poor 
enough  at  the  ordinary  conditions  now  prevailing.  At  very  high  stages  they 
are  marve\ously  Improved. 

6.  The  Maid-of-the-Mist  Pool  and  the  Whirlpool  derive  their  beauty  primarily 
from  the  gorge,  not  the  river,  and  are  not  affected  by  change  of  stage. 

7.  The  ^^lilrlpool  Rapids  and  Lower  Rapids  are  at  their  l>e8t  at  a  compara* 
t/re/j  low  stage.    As  the  flow  increases  much  of  their  attraction  is  lost 

40.  The  various  power  companies  at  Niagara  now  divert  over  50,- 
000  cubic  feet  per  second  around  the  Falls  and  into  the  Maid-of-the- 
Mist  pool.  In  addition,  the  New  York  State  Barge  Canal,  the  Wel- 
land  Canal,  and  the  Chicago  Drainage  Canal  are  taking  some  12,000 
or  13,000  cubic  feet  per  second  which  would  otherwise  flow  over 
the  Falls  and  through  the  Gorge.  In  the  near  future,  when  the  new 
Welland  Canal  is  put  in  operation  and  the  plants  now  under  con- 
struction at  the  Falls  are  nni^ed,  the  total  diversion  affecting  the 
Falls  will  be  nearly  70,000  cubic  feet  per  second.  The  effect  on  Horse- 
shoe Falls  of  the  existing  diversions  will  be  seen  from  an  examina- 
tion of  photographs  Nos.  89  and  99,  the  former  taken  with  a  river 
discharge  of  212,000  cubic  feet  per  second  and  the  latter  with  a  dis- 
charge of  274,000  cubic  feet  per  second.  It  seems  clear  that  the  scenic 
beauty  of  Niagara  Falls  has  been  appreciably  damaged  both  by  the 
recession  of  the  apex  of  the  Horseshoe  Falls,  which  is  proceeding  at 
a  rate  of  about  4  to  6  feet  a  vear,  and  by  the  diversion  of  water  for 
power  and  other  purposes.  At  the  present  time  there  flows  over  the 
central  600  feet  of  the  Horseshoe  Falls  a  volume  of  approximately 
80,000  cubic  feet  per  second,  which  not  only  is  entirely  wasted  in  that 
it  creates  neither  scenery  nor  power,  but  which  is  actually  the  cause 
of  destructive  erosion  producing  the  recession  referred  to.  If  means 
were  adopted  to  distribute  the  flow  evenly  over  the  Falls,  a  much 
greater  diversion  than  the  present  could  be  allowed  without  injury 
to  the  scenic  effects. 

41.  The  remedial  works  proposed  to  improve  scenic  conditions  at 
Niagara  Falls  by  the  division  engineer  contemplate  the  following: 
That  the  high  Canadian  end  of  the  Falls  and  the  shoal  south  of  it 
should  be  cut  down  by  excavation  made  in  cofferdams ;  that  the  high 
places  near  Terrapin  Point  and  to  the  south  should  be  similarly  ex- 
cavated in  another  cofferdam ;  that  to  distribute  the  flow  more  uni- 
fonDly  a  submerged  weir,  curved  in  plan,  should  be  built  across  thvi 
central  part  of  the  rapids  a  short  distance  upstream  from  the  "  notch  " 
of  the  Horseshoe  Falls ;  and  that  the  American  channel  should  be 
given  a  flow  of  12,000  cubic  feet  per  second  by  means  of  a  submerged 
compensating  dike  extending  from  Goat  Island  to  Chippawa.  It  is 
believed  by  the  division  engineer  that  the  cost  of  remedial  works 
should  be  equally  divided  between  the  United  States  and  Canada. 
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42.  If  these  works  are  constructed,  the  division  engineer  believes 
that  then  a  considerable  addition  to  diversions  from  above  the  Falls 
is  not  only  permissible  but  desirable.  At  present,  the  greatest  detri- 
ment to  the  beauty  of  the  Horseshoe  is  the  prevailing  mist,  and  tb.e 
constant  recession  of  its  crest  is  an  ever-present  and  growing  menace 
not  only  to  the  appearance  of  the  Horseshoe  but  also  to  the  perman- 
ence of  the  water  supply  of  at  least  one  of  the  power  companies. 
The  greatest  volume  that  can  be  taken  consistent  with  maximum  at- 
tainable scenic  beauty  is  that  which  will  reduce  the  obstructive  mist 
to  a  minimum  while  at  the  same  time  insuring  adequate  ice  discharge 
capacity.  With  the  flow  approximately  uniformly  distributed  over 
the  crest  of  the  Horseshoe,  this  maximum  diversion  from  the  Niagara 
River  above  the  Falls  is  put  at  about  80,000  cubic  feet  per  second. 

43.  The  table  in  paragraph  36  shows  the  very  great  difference  that 
exists  between  the  efficiencies  of  the  various  power  plants  at  Niagara 
Falls,  the  range  being  between  43  and  75  per  cent,  while  83  per  cent 
is  predicted  for  the  Chippawa-Queenston  development  of  the  Hydro- 
electric Power  Commission.  The  efficiencies  stated  for  the  existing 
power  stations  relate  only  to  the  head  actually  developed,  220  feet 
more  or  less,  and  therefore  ignore  the  now  undeveloped  head  of  90 
feet  or  more.  To  this  extent,  these  efficiencies  are  not  properly  com- 
parable with  that  predicted  for  the  Chippawa-Queenston  develop- 
ment. In  any  event,  the  importance  to  society  of  developing  the 
greatest  possible  amount  of  power  from  the  volume  of  water  per- 
mitted to  be  diverted  is  evident  and  the  division  engineer  lays  down 
the  rule  that  future  developments  should  have  an  overall  efficiency 
of  more  than  80  per  cent,  and  produce  over  20  horsepower  per  cubic 
foot  per  second  if  they  discharge  into  the  Maid-of-the-Mist  pool  and 
over  29  horsepower  if  the  discharge  is  into  the  river  near  Lewiston. 
These  figures  may  well  be  contrasted  with  the  present  development 
of  635,570  horsepower,  with  a  diversion  of  over  50,000  cubic  feet  per 
second  and  an  average  of  only  12.5  horsepower  per  cubic  foot  per 
second.  Each  additional  horsepower  developed  by  these  diversions 
is  when  continuously  used  worth  at  least  $30  annuallv  to  a  consumer 
who  would  otherwise  be  forced  to  use  steam  power.  The  greater  the 
efficiency  of  development  the  cheaper  the  power  may  be  sold. 

44.  Diversions  from  the  Chippawa-Grass  Island  pool,  by  lowering 
the  pool  itself  and  increasing  the  slope  between  it  and  the  upper 
river,  also  lower  Lake  Erie  and  the  waters  above  it.  The  three  diver- 
sions from  the  Chippawa-Grass  Island  pool,  consisting  of  about 
6,000  cubic  feet  per  second  in  Canada  and  17,000  cubic  feet  per  second 
in  New  York,  a  total  of  23,000  cubic  feet  per  second,  lower  the  pool 
about  0.6  foot  and  increase  the  discharge  from  Lake  Erie  by  about 
one-tenth  of  the  amount  of  this  diversion,  thereby  lowering  that  lake 
about  one-tenth  foot.  The  small  diversion  for  navigation  and  power 
through  the  barge  canal  is  also  made  from  the  ChippawaTGrass 
Island  pool  and  has  proportionately  a  similar  effect  in  lowering  the 
pool  and  Lake  Erie.  The  amount  by  which  the  various  portions  of 
the  Great  Lakes  are  affected  is  shown  in  Table  47. 

45.  The  diversions  from  the  Niagara  River  cause  diminished  depth 
in  many  harbors  and  in  the  connecting  channels,  which  limit  the 
draft  to  which  th0  bulk  freighters  of  the  Great  Lakes  may  load. 
Using  data  based  upon  conditions  existing  at  the  time  of  his  report, 
the  division  engineer  figures  that  each  tenth  of  a  foot  of  draft  cor- 


DIVEBSIO^  OF  WATER  FROM  GREAT  LAKES  AND  NIAGARA  RIVER.       31 

responds  to  freight  earnings  of  $44.57  per  trip.  With  an  average  of 
25  trips  per  season,  he  estimates  that  the  fleet  of  large  bulk  freighters 
plying  Lake  Erie  and  the  waters  above  loses  $590,000  annually  for 
each  one-tenth  foot  reduction  in  permissible  draft,  while  the  corre- 
sponding loss  for  the  smaller  vessels  using  the  Welland  and  St.  I^w- 
rence  Canals  is  about  $70,000.  The  total  loss  in  both  trades  due  to 
all  existing  diversions  is  estimated  to  have  been  $4,713,0(K)  in  11U7. 

46.  The  plan  of  the  distributing  weir  and  other  work  for  remedy- 
ing the  damage  already  done  to  the  Horseshoe  and  for  improving  its 
appearance  has  already  been  sufficiently  described.  The  detrimental 
effect  upon  navigation  of  diversions  from  the  Niagara  Kiver  is  also 
susceptible  of  being  remedied  by  appropriately  designed  and  located 
works  of  simple  and  relatively  mexpensive  character. 

47.  The  division  engineer  proposes  to  restore  depths  available  ^or 
navigation  by  the  submergea  weir  near  the  foot  of  the  Chippava- 
Grass  Island  pool,  and  by  two  sets  of  submerged  weirs,  one  near  tlie 
head  of  the  Niagara  River,  the  other  near  the  head  of  the  St.  Clair 
Eiver,  to  raise  the  levels  of  Lakes  Erie,  Huron,  Michigan,  and  their 
connecting  and  tributary  waters.  The  effect  would  be  to  restore  the 
waters  above  named  to  the  levels  they  would  have  had  before  any 
diversions  were  made.  After  their  completion,  these  lakes  will  dis- 
charge through  all  their  outlets  the  same  quantities  of  water  that 
they  formerly  discharged  when  the  same  stage  naturally  prevailed. 
In  other  words,  compensation  will  then  have  been  made  for  damage 
done,  but  the  variations  in  lake  stages  and  discharges  will  go  on  as 
before. 

48.  A  plan  for  raising  the  levels  of  Lake  Erie  and  of  tlie  system 
above  it  so  as  to  afford  greater  depths  for  navigation  was  presented 
by  the  Deep  Waterways  Board  in  its  report  or  June  30,  1900,  and 
provided  for  the  regulation  of  Lake  Erie  between  the  levels  574.3 
and  574.8,  thereby  raising  the  mean  level  between  2  and  3  feet.  Lake 
St.  Clair  would,  it  was  estimated,  be  raised  about  three-fourths  and 
Lake  Huron  one-third  as  much.  These  works  consisted  of  a  length 
of  2,900  feet  of  submerged  weir  in  two  sections  and  a  series  of  13 
sluicewavs,  80  feet  wide  and  23  feet  deep,  provided  with  Stoney 
gates,  lliey  woidd  compensate  for  the  lowering  effects  of  diver- 
sions considerably  greater  than  now  exist.  The  division  engineer 
points  out  certain  objections  to  this  plan,  which  are  hereafter  dis- 
cussed. 

49.  A  second  plan,  proposed  by  the  International  Waterways  Com- 
mission in  1913,  consisted  of  a  long  fixed  weir  from  above  the  mouth 
of  Welland  Eiver  to  Gill  Creek,  raising  the  Chippawa-Cxrass  Lsland 
pool  3  feet  and  Lake  Erie  about  4f  inches.  This  plan  would  afford 
incomplete  compensation  for  existing  diversions.  Another  plan  for 
intermittent  regulation  to  control  discharge  and  to  furnish  better 
navigation  during  the  open  season  has  been  presented  to  the  board 
by  the  sanitary  district  of  Chicago,  and  is  here  described  simply  to 
render  the  discussion  more  complete.  It  contemplates  the  construc- 
tion of  a  longitudinal  division  wall  in  the  Niagara  Eiver  nearly  a 
mile  below  the  site  of  the  works  planned  by  the  Deep  Waterways 
Board,  and  about  2  miles  below  the  main  entrance  to  Buffalo  Har- 
bor. Here  the  river  is  about  1,800  feet  wide.  The  wall  will  divide 
it  into  two  channels,  respectively,  800  and  1.000  feet  wide.  The  nar- 
rower or  American  channel  is  to  be  used  lor  regulation,  the  wider 
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channel  to  remain  open.  The  gates  proposed  are  daring  in  design, 
being  removable,  ship-like  caissons  about  200  feet  long  with  butterfly 
valves,  for  which  emplacements  or  anchorages  are  provided  in  the 
bed  of  the  river.  Four  such  gates  are  proposed  to  be  floated  to  place 
and  anchored  in  May  and  removed  in  December.  In  place,  with  all 
valves  closed,  they  are  figured  to  reduce  the  discharge  about  40,000 
cubic  feet  per  second.  The  function  of  these  works  is  stated  by  their 
designer  to  be  as  follows : 

First.  The  creation  of  a  higher  mean  Lake  Erie  level  of  about  13  Inches  over 
the  level  which  would  obtain  during  the  continuous  diversion  of  10,000  cubic 
second-feet  at  Chicago. 

Second.  The  negative  function  of  maintaining  a  substantially  unimpaired 
outflow  capacity  for  the  Niagara  River  for  water  and  ice  during  the  winter 
season,  and  at  times  when  the  lalce  tends  to  crest  at  elevations  approaching 
574  and  flood  heights  need  to  be  avoided. 

Third.  The  throttling,  when  desirable,  of  perhaps  40,000  cubic  feet  per  second 
when  the  supply  warrants  the  saving  of  water  for  later  release  to  equalize  the 
flow. 

Fourth.  The  ability  to  release  during  certain  hours  of  the  day  a  volume  of 
30,000  cubic  second-feet  of  impounded  water. 

It  will  be  observed  that  this  plan  would  raise  Lake  Erie  consider- 
ably more  than  the  amount  it  is  lowered  by  the  existing  diversion  at 
Chicago  and  by  all  other  diversions  now  made,  and  that  liberal 
margin  would  be  left  for  an  increase  in  diversions. 

50.  Contingent  upon  the  construction  of  the  remedial  and  com- 
pensating works  proposed  by  him,  the  division  engineer  believes  that 
a  total  of  80,000  cubic  feet  per  second  may  be  diverted  from  above 
the  Falls,  which  should  be  equally  divided  between  Canada  and  the 
United  States,  and  that  of  this  total  40,000  cubic  feet  per  second 
should  be  returned  to  the  Maid-of-the-Mist  pool,  this  latter  condition 
being  for  the  protection  of  the  scenic  beauty  and  ice  discharging 
capacity  of  the  river  below  the  Falls. 

51.  The  report  furnishes  an  extended  discussion  of  the  details  and 
merits  of  the  existing  power  plants  at  Niagara  Falls  and  of  the  best — 
that  is,  the  most  economical  or  efficient — plan  for  utilizing  the  exist- 
ing diversion  and  any  additional  one,  including  the  advisability  of 
joint  use  for  navigation  and  power  production. 

52.  As  already  mentioned,  there  are  at  present  three  American 
diversions  from  the  Niagara  River  for  power  purposes.  These  in- 
clude a  diversion  of  500  cubic  feet  per  second  through  Tonawanda 
Creek  and  the  New  York  State  Barge  Canal  for  use  by  power  plants 
at  Lockport,  N.  Y.  This  is  about  a  century  old  and  therefore  was  in 
existence  at  the  time  cognizance  was  first  taken  by  the  United  States 
of  the  harmful  possibilities  of  diverting  water  from  the  Niagara 
River.  The  use  of  this  diverted  water  at  and  below  Lockport 
appears  to  be  inefficient. 

53.  The  other  two  diversions  are  made  just  above  the  Falls  near 
Grass  Island  and  Port  Day.  The  upper  diversion,  that  of  the  origi- 
nal Niagara  Falls  Power  Co.,  is  reported  as  9,450  cubic  feet  per 
second,  from  which  about  100,000  horsepower  is  developed.  This 
company  was  the  pioneer  in  developing  water  power  and  generating 
electricity  upon  a  large  scale  at  Niagara  Falls.  Its  operations  were 
begun  about  1890,  when  the  art  was  in  its  infancy  and  there  appeared 
no  possibility  of  limitations  on  the  use  of  water.  The  plant  consists 
of  two  power  houses  fed  by  a  short  headrace  canal  discharging  into 
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penstocks  vhich  conduct  the  water  to  turbines  installed  at  the  bottom 
of  deep  pits,  the  draft  tubes  of  the  turbines  connectiniz:  wih  a  tailrace 
tunnel  having  considerable  slope  and  opening  into  the  Maid-of-the- 
Mist  pool  just  below  the  highway  bridge  at  Niagara  Falls.  Judged 
by  present  standards,  the  plant  is  not  efficient,  its  output  of  10.6 
horsepower  per  cubic  foot-second  corresponding  to  an  over-all  effi- 
ciency of  only  43  per  cent. 

54.  The  remainig  American  diversion  is  that  of  the  former  Hy- 
draulic  Power  Co.,  which  is  reported  as  diverting  at  Port  Day  about 
8 JIG  cubic  feet  per  second  into  a  headrace  canal  nearly  a  mile  long 
leading  to  penstocks  conducting  the  water  to  two  power  houses  in 
the  Gorge  below  the  highway  bridge  practically  at  the  level  of  the 
Maid-of-the-Mist  pool.  These  plants  produce  145,000  horse  power, 
an  average  of  17.9  horsepower  per  cubic  foot-second,  when  the  diver- 
sion made  from  the  canal  by  the  Pettebone  Cataract  Power  Co., 
amounting  to  271  cubic  feet  per  second,  is  included,  and  of  18.5  horse- 
power per  cubic  foot-second  when  the  latter  diversion  is  not  consid- 
ered. The  latter  corresponds  to  an  over-all  efficiency  of  75  per  cent, 
and  the  efficiency  is  about  72  per  cent  when  the  whole  diversion  is 
considered.  The  company  is  enlarging  its  canal  and  building  an 
extension  of  station  No.  3,  which  will  hold  three  units  of  about  37,500 
horsepower  each  and  will  use  probably  slightly  over  5,000  cubic  feet 
per  second,  with  a  claimed  efficiency  of  close  to  85  per  cent.  (This 
enlargement  has  since  been  completed,  the  three  new  imits  are  oper- 
ating, and  the  total  diversion  into  the  canal  is  now  over  10,000  cubic 
feet  per  second.) 

55.  The  two  power  companies  above  mentioned  have  recently  been 
combined  under  the  name  of  Niagara  Falls  Power  Co.  With  the 
three  new  units  above  mentioned  in  operation  it  will,  under  existing 
treaty  limitations,  be  necessary  to  discontinue  the  operation  of  some 
of  the  less  efficient  units  so  as  to  keep  the  total  power  diversion  at 
20.000  cubic  feet  per  second.  The  division  engineer  presents  a 
plan  for  developing  the  energy  of  this  diversion  with  maximum 
efficiency.  He  calls  this  the  compound  two-stage  plan.  Under  it 
station  No.  3  of  the  Niagara  Falls  Power  Co.  is  retained,  and  the 
remainder  of  the  diversion  is  to  be  taken  through  a  pressure  tunnel 
virtually  parallel  to  the  hydraulic  canal  to  what  is  really  an  exten- 
sion of  station  No.  3,  thereby  developing  about  409,000  horsepower 
from  the  first  stage,  whose  head  is  220  feet.  The  tail  water  then 
discharges  into  a  tunnel  which  leads  the  water  under  pressure  to  a 
power  house  near  Kiverdale  Cemetery  in  the  lower  Gorge,  where 
160,000  horsepower  additional  is  developed  from  the  head  of  90  feet 
available  in  the  second  stage. 

56.  On  the  assumption  that  it  may  be  possible  to  take  20,000  cubic 
feet  per  second  additional  in  the  United  States,  plans  are  presented 
for  utilizing  this  water  in  three  types  of  installations  for  developing 
the  total  head  of  about  320  feet,  and  in  a  single  type  of  installation 
m  which  the  head  is  developed  in  two  stages  taking  all  the  water  first 
by  a  pressure  tunnel  to  a  station  well  down  in  the  Maid-of-the-Mist 
pool  under  a  head  of  220  feet  and  then  through  a  second  pressure 
tunnel  under  the  head  of  about  90  feet  to  a  station  in  the  lower  Gorge 
at  the  same  site  as  in  the  compound  two-stage  plan. 
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57.  It  is  advisable  to  call  particular  attention  to  the  statement  in 
paragraph  92  of  the  report  that  the  estimates  do  not  include  the 
entire  capital  costs,  nor  the  whole  of  the  construction  costs.  Costs 
of  promotion,  of  raising  funds,  of  organization,  and  of  legal  services 
are  omitted  as  are  also  tiie  cost  of  i)urchasing  any  legally  enforceable 
rights  now  belonging  to  any  existing  companies.  The  development 
expjense  in  building  up  a  market  for  power  is  also  omitted.  The 
omission  of  any  allowance  for  existing  investments  particularly 
affects  the  estimate  for  the  "  compound  two-stage  "  plan  in  which  the 
output  of  the  existing  plants  is  included  without  payment,  so  that 
the  estimated  unit  cost  of  $51.80  per  horsepower  for  this  plan  is 
lower  than  the  actual  cost  would  be  to  anybody  who  had  to  pay  for 
property  or  rights  already  in  existence,  or  who  had  already  paid 
for  such  rights  or  property. 

58.  The  division  engineer's  conclusion  is  that  a  combined  power 
and  ship  canal  which,  under  the  topographical  conditions,  should  be 
built  along  the  La  Salle-Lewiston  line,  would  be  less  economicscl  than 
a  ship  canal  along  this  line  and  a  separate  power  canal  from  the 
vicinity  of  Conners  Island  to  the  Gorge  at  Riverdale  Cemetery. 
The  estimated  cost  of  the  combined  plan  is  about  $200,000,000,  while 
the  separate  ship  canal  would  cost  $135,000,000  and  the  separate 
power  development  about  $46,000,000,  the  difference  in  favor  of  the 
separate  canals  being  about  $19,000,000.  The  combined  canal  is  to 
have  12,000  square  feet  area  of  cross  section,  being  alternately  300  by 
40  feet  and  400  by  30  feet,  while  the  separate  navigation  canal  is  to 
be  of  6,000  square  feet  area  of  cross  section  or  200  by  30  feet.  For 
the  development  of  a  new  diversion  of  20,000  cubic  feet  per  second  in 
a  single  stage,  he  discusses  plans  producing  about  600,000  horsepower 
with  practically  equal  efficiency,  first,  by  means  of  a  plant  consisting 
of  a  power  house  near  Conners  Island  placed  in  a  deep  pit  and  dis- 
charging into  a  tailrace  tunnel  with  the  surface  of  tail-water  sub- 
stantially at  the  level  of  the  lower  Niagara  River,  about  elevation 
248 ;  second,  by  a  pressure  tunnel  starting  at  nearly  the  same  point 
in  the  Chippawa-Grass  Island  pool  and  leading  to  a  power  house 
in  the  lower  Gorge  near  Riverdale  Cemetery,  and,  third,  by  means  of 
a  canal  leading  to  a  power  house  at  the  same  location.  His  estimates 
of  the  construction  cost  per  horsepower  on  the  bus  bar,  under  the 
assumptions  made  by  him,  are  $89.40  for  the  first  plan,  $86,40  for 
the  second  plan,  and  $73.70  for  the  third  plan.  He  believes  that  the 
tailrace  tunnel  plan  involves  construction  difficulties  due  to  the  pos- 
sibility of  encountering  ground  water  at  the  low  level  of  the  tunnel, 
and  that  both  this  plan  and  the  pressure  tunnel  are  liable  to  difficul- 
ties in  operation,  such  as  surges  in  the  tailrace  tunnel,  dangers  from 
ice,  necessity  of  unwatering  for  repairs  to  valves,  et  cetera.  His  only 
objections  to  the  canal  plan  are  that  there  may  be  some  ice  difficulty 
and  that  the  canal  will  cut  through  valuable  land  and  interfere  with 
highways,  railways,  water  suppfy  and  sewage  systems,  as  well  as, 
perhaps,  with  the  most  economical  development  of  adjacent  real 
estate. 

59.  For  an  additional  diversion  of  20,000  cubic  feet  per  second  by 
the  simple  two-stage  plan,  he  estimates  the  total  output  to  be  580,000 
horsepower,  at  a  cost  of  $105.60  per  horsepower.  This  cost  is  greater 
than  under  any  of  the  single  stage  plans,  and  more  than  half  o|  the 
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total  cost  belongs  to  the  second  stage  which  furnishes  only  about 
160,000  horsepower  out  of  the  total  of  680,000,  It  is  plain  that  the 
division  engineer  believes  that  a  second  diversion  of  20,000  cubic  feet 
per  second  should  preferably  be  in  a  single  stage,  thereby  making 
the  most  economical  use  of  the  water  that  may  safely  be  completely 
diverted  from  the  Maid-of-the-Mist  pool. 

60,  On  the  basis  of  these  construction  costs,  the  division  engineer 
Egiires  that  the  cost  on  the  bus  bar  will  be  $10  to  i?13.9()  per  annutil 
hoi^sepower  for  the  new  diversion  of  20,()(X)  cubic  feet  per  second,, 
while  if  only  one  such  amount  is  to  be  diverted  and  existing  rights 
are  valid  and  therefore  must  be  paid  for,  these  figures  are  in(n'eased 
to  from  §14.90  to  $17,  the  cheapest  development  in  every  case  being 
the  single  stage  power  canal. 

01.  There  are  numerous  diversions  for  domestic  purposes  from  the 
Niagara  Biver  and  Lake  Ontario,  as  well  as  from  the  St.  Lawrence,. 
hut  as  these  are  immediately  returned  they  produce  virtually  no 
etfect  upon  levels.  There  are,  however,  no  diversions  for  navigation 
either  from  the  lower  Niagara  or  from  Lake  Ontario. 

G2.  Existing  diversions  from  the  St.  Lawrence  River  above  St. 
Regis  are  utilized  for  both  navigation  and  water  power,  and  include 
four  lateral  canals  constructed  by  the  Dominion  oi  Canada,  known  as 
the  Galop  Canal,  Eapide  Plat  Canal  (also  called  the  Morrisburg 
Canal),  rarran  Point  Canal,  and  the  Cornwall  Canal.  The  diver- 
sions are  small,  and  in  each  case  the  water  is  returned  to  the  river. 
The  diversion  by  the  Galop  Canal  is  between  500  and  1,000  cubic  feet 
per  second,  of  which  an  average  of  200  or  less  is  used  for  navigation 
and  the  remainder  for  power.  The  diversion  by  the  Morrisburg 
Canal  is  between  1,000  and  1,500  cubic  feet  per  second,  of  which  pos- 
sibly 200  feet  is  required  for  navigation  and  the  remainder  for  power. 
The  Karran  Point  Canal  diverts  about  50  cubic  feet  per  second,  all 
for  navigation.  The  diversion  by  the  Cornwall  Canal  is  about  J^.OOO 
cubic  feet  per  second,  of  which  possibly  8(X)  only  is  required  for 
navigation  purposes.  These  canals  were  built  primarily  for  the 
benefit  of  navigation,  and  are  open  for  use  equally  by  the  vessels  of 
l>oth  countries.  The  development  of  water  power  along  these  canals 
was  originally  a  secondary  and  incidental  matter,  although  much  of 
the  water  is  now  diverted  solely  for  that  purpose. 

63.  The  St.  Lawrence  canals  accommodate  vessels  255  feet  long^ 
42  feet  beam,  and  drawing  14  feet.  The  river  is  closed  by  ice  for 
an  average  of  144  days  per  annum,  from  about  December  3  to  about 
AprU  27. 

64.  In  addition  to  the  above-mentioned  diversions  primarily  for 
navigation,  there  are  two  developments  solely   for  water  power.. 
These  are  the  Massena  Canal,  on  the  United  States  side  of  the  river,, 
at  the  head  of  Long  Sault  Kapids,  and  the  development  at  Wad- 
dington,  N.  Y.    The  Massena  Canal  extends  about  3  miles  from  the 
St.  t^wrence  to  a  power  house  on  the  Grasse  River,  a  tributary 
of  the  St.  Lawrence.    It  has  a  bottom  width  of  188  feet  and  a  depth 
of  25  feet.    There  is  a  head  of  about  43  feet  at  the  powerhouse,  for 
which  the  Grasse  River  serves  as  a  tailrace,  conducting  the  water 
back  to  the  St.  L^iwrence  at  a  point  lOf  miles  downstream  from  the 
point  of  diversion.     Until  recently  the  quantity  of  water  diverted" 
was   approximately    30,000   cubic    feet   per   second,   developing    a 
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maximum  of  80,000  horsepower.  Due  to  improvements  undertaken 
during  the  war,  an  output  of  60,000  horsepower  is  now  produced 
with  a  consumption  of  only  17,000  cubic  feet  per  second.  At  Wad- 
dington,  N.  Y.,  a  dam  950  feet  long  was  constructed  more  than  100 
years  ago  across  the  American  cnannel.  The  flow  through  the 
American  channel,  known  as  Little  River,  is  estimated  to  be  3,000 
to  4,000  cubic  feet  per  second,  of  which  about  600  cubic  feet  is  used 
intermittently  and  inefficiently  in  the  development  of  power.  A  small 
powerhouse  is  located  at  the  downstream  side  of  the  dam,  and  a 

Sower  canal  15  to  20  feet  wide  leads  from  the  south  end  of  tlie  dam 
ownstream  along  the  bank  of  the  river  for  about  950  feet,  serving 
four  plants.  The  company  owning  the  rights  at  this  locality  has 
proposed  the  construction  of  a  new  plant  to  develop  30,000  horse- 
power, with  the  use  of  about  30,000  cubic  feet  per  second. 

65.  The  problem  of  how  the  development  of  power  may  best  be 
combined  with  the  improvement  of  the  St.  Lawrence  for  naviga- 
tion is,  as  stated  by  the  division  engineer,  at  present  under  considera- 
tion bv  the  International  Joint  Commission.  It  is  not,  therefore, 
advisaole  to  discuss  further  such  plans  as  have  hitherto  been  pro- 
posed for  diverting  water  from  the  St.  Lawrence. 

66.  Finally,  the  division  engineer  discusses  the  existing  boundary 
waters  treaty  with  Canada,  and  recommends  that  it  be  amended  so 
as  to  cover  the  existing  needs  and  anticipate  future  requirements 
more  satisfactorily  and  with  more  flexibility. 

67.  The  recommendations  of  the  division  engineer  regarding  modi- 
fications of  the  treaty  and  the  use  of  diversions  are  as  follows : 

Recommended  treaty  provisions, — It  Is  recommended  that  the  treaty  with 
Great  Britain  proclaimed  May  13, 1910,  be  modified  in  the  following  particulars : 

(1)  That  the  wording  of  the  treaty  be  altered  to  extend  the  Jurisdiction  of 
the  International  Joint  Commission  to  include  diversions  from  tributaries  of 
boundary  waters  except  in  the  case  of  diversions  from  a  tributary  which  are 
returned  to  the  same  tributary. 

(2)  That  the  words,  "  the  scenic  beauty  of  the  Falls  and  Rapids,"  be  inserted 
in  the  first  sentence  of  Article  V  after  the  word  "  Erie." 

(3)  That  the  diversion  of  water  from  Niaerara  River  below  the  Falls  be  spe- 
cifically limited  in  the  same  manner  as  the  diversion  from  the  Niagara  River 
above  the  Falls. 

(4)  That  the  treaty  provide  for  the  construction  and  maintenance  of  re- 
medial works  of  the  nature  outlined  In  section  (e)  of  this  report;  such  works 
to  be  built  under  the  supervision  of  the  International  Joint  Commission,  or  of 
some  other  international  body  created  for  the  purpose;  the  remedial  works 
to  be  so  designed  and  constructed  that  the  scenic  beauty  of  the  Falls  will  be 
restored  and  preserved  when  80,000  cubic  feet  of  water  per  second  Is  diverted 
from  the  Niagara  River  above  the  Falls ;  the  expense  of  constructing  and  main- 
taining said  works  to  be  borne  equally  by  the  high  contracting  parties. 

(5)  That  the  limits  of  diversion  from  the  Niagara  River  above  the  Falls, 
which  the  high  contracting  parties  may  permit  within  their  respective  Juris- 
dictions, be  raised  from  20,000  cubic  feet  of  water  per  second  on  the  United 
States  side  to  40,000  cubic  feet  of  water  per  second  and  from  36,000  cubic  feet 
of  water  per  second  on  the  Canadian  side  to  40,000  cubic  feet  of  water  per 
second. 

(6)  That  20,000  cubic  feet  per  second  of  the  water  so  diverted  upon  each 
side  of  the  river  shall  be  returnetl  to  the  Niagara  River  at  some  point  or  points 
upstream  from  turning  point  No.  134  of  the  international  boundary  line  adopted 
August  15,  1913,  by  the  International  Waterways  Commission  under  Article  IV 
of  the  treaty  between  the  United  States  of  America  and  the  United  Kingdom 
of  Great  Britain  and  Ireland  signed  April  11,  1908;  and  that  if  any  part  of  the 
remaining  diversion  be  returned  to  the  Niagara  River  at  any  point  an  equal  or 
smaller  amount  may  be  again  diverted  from  any  point  farther  downstream. 
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(7)  That  the  limits  given  above  be  stipulated  to  apply  to  tlie  amount  actually 
diverted  at  any  instant,  and  that  accordingly  the  words  "in  tlu»  atiicri'gate'' 
and  "  daily  "  be  stricken  out  of  Article  V  of  the  present  treaty  wlierever  tbey 
occur;  that  it  be  recognized  that  small,  brief,  accidental  violations  of  the  pro- 
visions of  a  diversion  permit  must  be  allowed  if  the  hoUh*r  of  the  permit  is  to 
obtain  the  full  value  thereof,  and  that  therefore  such  viulations  shall  be  i)er- 
mitted  under  such  regulations  as  the  International   Jt»int  Commission   shall 

provide. 

(8)  That  five  years  after  the  completion  of  the  remedial  works  the  Interna- 
tioiiaJ  Joint  Commission,  or  some  other  body  constituted  for  the  purpose,  shall 
inform  the  high  contracting  parties  whether  or  not,  in  its  upiiiii)u,  further 
dirprsions  of  water  from  the  Niagara  River  for  power  developnuMit  can  be 
raade,  either  cc»ntlnuously  or  Intermittently,  without  serious  injury  to  the 
sctTdc  beauty  of  the  Falls  and  Rapids,  the  integrity  of  the  river  as  a  l>oundai*y 
stream,  or  appreciable  lowering  of  lake  levels.  That,  If  this  opinion  be  favur- 
dble  to  the  further  diversion  of  water,  the  commission  or  l)ody  shall  Indicate 
tht*  amount  of  further  diversion  which  may  properly  be  allowed,  and  the  C(m- 
dltious  by  which  permits  should  be  limited. 

Recommended  use  of  diversions. — In  regard  to  the  use  of  the  various  diver- 
sions of  water  from  the  Great  Lakes  and  Niagara  Klver,  the  following  reconi- 
TuendatioDs  are  made: 

(1)  That  no  change  be  made  in  the  method  of  dealing  with  diversions  whose 
primary  use  is  for  navigation  purposes. 

(2)  That  Federal  control  of  the  diversion  at  Chicago  and  In  liie  vicinity  be 
established  by  such  measures  as  are  necessary,  provided  the  Unittxi  States 
Courts  do  not  uphold  the  present  apparent  right  of  the  Federal  Oovt»rninent  to 
reimlate  the  diversions  there;  the  Sanitary  District  of  Chicago  being  permitted 
to  divert  from  Lake  Michigan  and  Its  tributaries  a  total  (piantity  of  water  not 
exceeding  at  any  time  a  flow  of  10,000  cubic  feet  per  second ;  under  the  condi- 
tions that  the  Secretary  of  War  shall  supervise  the  diversions  as  he  deems  best, 
that  the  expense  of  supervision  shall  be  paid  for  promptly  at  stated  intervals 
by  the  Sanitary  District  of  Chicago,  that  no  dangerous  conditions  shall  be 
created  in  navigable  waters,  that  the  sanitary  district  agrees  to  be  responsible 
for  any  damage  claims  arising  because  of  the  diversion,  that  it  shall  pay  its 
share  as  determined  by  the  Secretary  of  War  of  the  cost  of  sueli  compen^^ating 
works  as  the  Federal  Government  considers  necessary  because  of  divei-sions  of 
water  from  the  Great  Lakes  system,  that  it  agrees  not  to  request  or  make  any 
diversion  in  excess  of  that  herein  stated,  that  It  shall  pay  to  the  United  States 
for  water  used  for  power  purposes  at  a  rate  per  cubic  foot  to  be  based  upon  the 
relative  value  of  the  power  as  developed  and  that  which  could  have  been  de- 
veloped by  its  use  at  Niagara  Falls,  N.  Y.,  and  along  the  St.  Lawrence  Uiver, 
and  that  It  does  all  in  its  power  to  secure  any  State  authority  needed  to  enable 
it  to  xmdertake  the  establishment  of  provisions  for  sewage  disposal  other  than 
by  dilution  and  when  so  enabled  provides  as  rapidly  as  necessary  such  sewage 
disposal  facilities  as  are  needed  to  care  for  the  growth  of  the  district. 

(3>  Tliat  consideration  be  withheld  on  all  proposals  for  water  diversions  for 
combined  navigation,  power,  and  sanitary  purposes  unless  of  far-reaching 
importance  and  effects  and  con.sistent  with  plans  approved  by  the  International 
Joint  Commission  as  remedial  against  the  pollution  of  boundary  waters. 

(4)  That  the  present  method  of  controlling  the  power  diversions  at  Suult  Ste. 
Marie  he  not  disturbed. 

(5)  That  the  total  diversion  through  the  Welland  Canal  for  power  develop- 
ment be  limited  strictly  to  the  present  amount. 

(6)  That  the  diversion  through  the  New  York  State  Hnrge  Canal  for  power 
development  be  limited  to  the  500  cubic  feet  per  second  now  allowed. 

(7)  That  as  soon  as  a  treaty  has  been  negotiated  with  (ireat  Hritain  along 
the  lines  indicated  in  section  (fc),  additional  permit  or  permits  be  granted  so 
as  to  make  the  permitted  diversion  from  Niagara  River  above  the  Falls  on 
the  United  States  side  40.000  cubic  feet  per  second,  one-half  of  which  Is  returned 
to  the  river  in  the  Maid-of-the-Mist  Pool. 

(8)  That  the  Secretary  of  War,  the  International  Joint  Commission,  or  a 
special  board  of  engineers  be  requested  to  prepare  plan.<  and  estimates  in 
detail  for  a  comprehensive  system  of  compensating  works  for  restoring  the 
levels  of  all  the  lakes  and  their  outflow  rivers,  these  plans  to  be  submitted  to 
the  International  Joint  Commission  for  approval,  with  the  intent  that  such 
works  be  constructed  and  paid  for  jointly  by  the  United  States  and  Canada. 
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DISCUSSION,    00NCLUSION8,    AND    RECOMMENDATIONS    OF    THE    BOARD    OF 
ENGINEERS  FOR  RIVERS  AND  HARBORS,  PARAGRAPHS  68-129,  INCLUSIVE. 

68.  On  June  4,  1920,  the  Board  of  Engineers  for  Rivers  and 
Harbors  held  a  widely  advertised  and  numerously  attended  public 
hearing  at  Niagara  Falls,  N.  Y.,  for  the  purpose  of  aflfording  to  all 
concerned  or  interested  a  full  opportunity  for  the  discussion  of  di- 
versions from  the  Great  Lakes  and  general  principles  that  should  be 
observed  regarding  their  limitations  and  utilization.  A  transcript 
of  the  stenographic  notes  of  this  hearing  is  appended  hereto,  together 
ivith  copies  of  exhibits  then  filed  by  certain  of  the  interested  parties. 
In  addition,  on  July  27,  1920,  the  board  gave  a  special  hearing  to 
Mr.  T.  Kennard  Thomson,  who  had  been  unable  to  attend  the  public 
hearing  at  Niagara  Falls.  Mr.  Thomson  is  the  advocate  of  the  plan 
for  damming  the  Niagara  River  at  Fosters  Flats,  and  his  arguments 
in  favor  of  this  plan,  iiaving  been  fully  heard,  are  given  due  weight 
in  the  conclusions  that  follow.  Finally,  on  August  3, 1920,  the  board 
gave  another  special  hearing  to  Mr.  Oharles  A.  Pohl,  who  presented 
Arguments  against  the  "  compound  two-stage  "  plan  and  in  favor  of 
SL  direct  diversion  from  the  Maid  of  the  Mist  pool,  on  behalf  of  the 
Niagara  Gorge  Power  Co.,  and  to  Col.  H.  L.  Cooper,  whose  ar^- 
ments  were  based  upon  the  large  general  aspects  of  the  diversion 
problem  and  the  manner  in  which  it  should,  in  his  opinion,  be  treated. 
The  board  has,  of  course,  given  consideration  to  these  arguments  and 
to  all  other  evidence  that  has  come  to  its  notice. 

69.  Public  resolution  No.  8,  Sixty-fifth  Congress,  which  directed 
the  making  of  this  investigation,  reads  in  part  as  follows : 

Provided,  That  the  Secretary  of  War  is  hereby  authorized  and  directed  to 
make  a  comprehensive  and  thorough  investigation  ♦  *  ♦  of  the  entire  sub- 
ject of  water  diversion  from  the  Great  Lalses  and  the  Niagara  River,  including 
navigation,  sanitary  and  power  purposes,  and  the  preservation  of  the  scenic 
beauty  of  Niagara  Falls  and  the  rapids  of  Niagara  River. 

The  division  engineer — and,  in  our  opinion,  correctly — believes  that 
it  was  the  desire  of  Congress  not  only  to  be  advised  of  the  facts 
regarding  all  diversions  for  the  above  purposes  but  also  to  secure 
information  and  recommendations  upon  which  to  base  a  just  policy  as 
to  present  and  future  diversions  for  any  or  all  of  the  purposes 
enumerated:  and  it  was  further  the  obvious  wish  of  Congress  that 
any  such  permanent  policy  should  give  due  weight  to  the  impor- 
tance of  the  scenic  beauty  of  Niagara  Falls  and  the  rapids. 

70.  At  the  time  of  the  passage  of  the  resolution  Congress  already 
knew  that  many  of  the  diversions  then  in  existence  were  productive 
of  damage,  both  to  navigation  and  to  scenic  beauty,  but,  as  all  diver- 
sions were  to  a  greater  or  less  degree  useful  or  beneficial  to  those  who 
were  making  them,  there  was  difficulty  in  fixing  their  relative  merits. 
The  report  now  enables  this  to  be  done  with  confidence  and  reason- 
able certainty,  and  thereby  to  arrive  at  the  details  of  the  policy 
apparently  desired  by  Congress.  We  shall  therefore  briefly  discuss 
the  three  kinds  of  diversions  mentioned  in  the  resolution,  as  well  as 
the  preservation  of  scenic  beauty,  give  our  opinion  as  to  their  rela- 
tive importance  and  as  to  the  permissible  limits  of  the  three  varieties 
of  diversions,  and  finally  state  our  views  as  to  the  orderly  steps  that 
should  be  taken  in  the  execution  of  what  we  regard  to  be  the  proper 
policy  with  respect  to  diversions  and  scenic  beauty. 
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71.  In  advanoe  of  the  moi*e  detailed  discussion  we  may  say  that 
we  believe  that  navigation  purposes  in  value  and  importance  take 
precedence  over  all  other  uses  to  which  the  waters  of  the  Great  Lakes 
may  be  put.  As  a  first  step  in  a  proper  policy,  damage  already  done 
by  diversions  should  be  remedied  by  the  adoption  of  some  plan  that 
will  not  only  restore  losses  of  depth  but  also  increase  lake  levels  so 
as  to  afford  higher  stages  than  would  naturally  exist.  The  plan  for 
accomplishing  these  purposes  with  a  maximum  of  certainty  and  bene- 
fits, both  direct  and  indirect,  is  the  construction  of  a  regulating  dam 
provided  with  sluiceways  at  the  head  of  Niagara  River  which  would 
restore  and  increase  depths  in  Lakes  Erie,  Huron,  and  Michigan  and 
their  connecting  waters,  and  in  the  St.  Marys  River  below  the  locks, 
and  at  the  same  time  permit  the  discharge  of  the  Niagara  River 
hereafter  to  be  made  nearly  uniform^  thereby  increasing  by  20  per 
cent  or  more  the  natural  low-water  discharges  which  have  a  deter- 
mining influence  on  the  scenic  beauty,  power  development,  and  navi- 
gation and  therefore  serve  to  indicate  the  maximum  diversions  that 
may  be  made  from  the  Niagara  River.  On  the  other  hand,  there 
should  be  no  limitation  on  the  diversion  of  water  actually  needed  for 
the  supply  of  navigation  canals,  and  no  difficulty  will  be  experienced 
in  remedying  the  losses  of  depth  caused  by  the  small  diversions  of 
this  kind. 

72.  Diversions  of  water  for  "sanitary  purposes"  include  those 
made  by  municipal  water-supply  and  sewage  systems  and,  except  in 
the  cases  of  Chicago  and  Port  Huron,  the  quantities  taken  are  always 
insignificant,  and,  as  they  are  immediately  restored  practically  un- 
diminished to  the  source  from  which  they  are  derived,  the  diversions 
do  no  damage  either  to  navigation  or  scenic  beauty,  and  they  there- 
fore call  for  no  restriction.  The  United  States  should,  however,  do 
everything  in  its  power  to  disseminate  knowledge  as  to  the  pollution 
of  the  Great  Lakes  and  to  promote  the  adequate  treatment  of  drink- 
inff  water  and  of  sewage. 

73.  The  diversions  for  "  sanitary  purposes  "  at  Chicago  and  Port 
Huron  do  not,  however,  return  the  water  immediately  to  its  original 
source.  At  Chicago  the  water  is  diverted  to  an  entirely  different 
drainage  basin,  the  Mississippi,  and  the  Great  Lakes  are  therefore 
deprived  of  this  much  of  their  natural  supply.  At  Port  Huron  the 
Black  River  Canal  takes  the  water  from  Lake  Huron  and  discharges 
it  into  the  St.  Clair  River  some  distance  below  Lake  Huron.  The 
diversion  is  small  and  its  effect  correspondingly  so.  Were  it  larger  it 
might  be  sufficiently  detrimental  to  justify  further  notice.  As  it  is, 
the  Port  Huron  diversion  may  be  tolerated  but  it  should  not  he  in- 
creased, while  the  Chicago  diversion  is  so  large  and  its  effects  so  im- 
portant that  more  positive  measures  are  necessary,  the  details  of 
which  will  be  given  hereafter. 

74.  There  are  numerous  diversions  for  "  power  purposes  "  on  the 
Great  Lakes  and  the  Niagara  River  and  the  St.  Lawrence.  Cheap 
power  is  obviously  desirable  and  development  of  water  power  should 
therefore  be  encouraged  so  far  as  is  consistent  with  the  more  impor- 
tant or  desirable  interests  of  navigation  and  scenic  beauty  that  it  is 
the  public  duty  to  notice  and  to  safeguard.  This  is  the  only  limita- 
tion upon  the  diversion  of  water  for  "power  purposes"  that  we  rec- 
ommend. At  Sault  Ste.  Marie  practically  the  entire  river  is  di- 
verted for  "navigation  purposes"  or  for  "power  purposes."     Evi- 
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dently  nothing  should  be  taken  for  power  until  navi^tion  has  been 
adequately  supplied  and  until  the  danger  of  lowering  Lake  Superior 
has  been  adequately  overcome.  As  the  regulating  works  above  the 
International  Bridge  actually  hold  Lake  Superior  at  higher  stages 
than  would  naturally  exist,  and  as  the  small  quantity  needed  for 
canals  and  locks  is  always  available,  there  is  no  reason  why  the  diver- 
sions for  "power  purposes"  should  be  interfered  with.  Every  effort 
should,  of  course,  be  made  to  secure  the  greatest  possible  amount  of 
power  from  the  diversions. 

75.  The  small  diversion  for  "power  purposes"  through  the 
Welland  Canal  reduces  the  depth  of  Lake  Erie  and,  more  slightly,  of 
the  waters  above  Lake  Erie.  It  therefore  injures  navigation  on  these 
waters  and  at  the  same  time  detracts  from  the  scenic  beauty  of 
Nigara  Falls.  The  diversion  existed  prior  to  the  promulgation  of 
the  present  treaty.  The  physical  conditions  necessarily  render  this 
diversion  less  economical  than  a  diversion  of  the  same  amount  taken 
immediately  above  Niagara  Falls  and  discharged  at  or  near  Lewis- 
ton.  No  increase  should  therefore  be  made  in  the  power  diversion  of 
the  Welland  Canal.  The  injurious  effect  upon  lake  levels  of  this 
diversion  for  "power  purposes,"  as  well  as  the  smaller  one  for 
"  navigation  purposes  "  is  included  in  the  total  damage  to  be  rectified 
bv  the  regulating  dam  at  the  head  of  the  Niagara  Kiver  referred  to 
above.  The  injury  done  to  scenic  beauty  by  this  diversion  and  by 
that  at  Chicago  are  included  in  the  measures  for  the  "  preservation 
of  scenic  beauty  "  hereafter  discussed. 

76.  On  the  Niagara  Kiver  above  the  Falls  there  are  six  diversions 
"  for  power  purposes,"  three  in  each  country,,  and  there  are  two  very 
small  diversions  for  canal  navigation  on  the  New  York  side.  The 
latter  two  are  insignificant  and,  moreover,  the  very  slight  damage 
they  do  to  scenic  beauty  and  to  the  depths  at  points  upstream  is 
readily  remedied.  Then,  too,  as  already  stated,  such  diversions  are 
recognized  to  be  indispensable  and  their  benefits  are  very  general. 
The  six  diversions  "^r  power  purposes"  are  sanction^  by  the 
existing  treaty,  but  in  1909,  when  the  treaty  was  negotiated,  it  was 
known  that  tney  were  undoubtedly  detrimental  to  the  "  preservation 
of  scenic  beauty,"  certainly  of  the  Falls,  if  not  of  the  rapids.  Yet  at 
that  time,  no  steps  were  taken  to  remedy  the  harm  already  experi- 
enced which  had,  by  an  elaborate  investigation  conducted  by  the 
United  States  Lake  Survey,  been  shown  to  consist  chiefly  in  accen- 
tuating the  denudation  of  the  two  ends  of  the  Horseshoe,  already 
laid  partly  bare  by  the  recession  of  this  fall.  It  was  also  shown  that 
certam  portions  of  the  diversions  "  for  power  purposes "  from  the 
Chippawa-Grass  Island  pool  produced  an  adverse  effect  upon  Lake 
Erie,  which,  while  considerably  less  than  the  lowering  due  to  an 
equal  diversion  direct  from  LaKe  Erie  was  Still  of  sufficient  magni- 
tude to  warrant  serious  attention.  The  report  then  made  by  the  Lake 
Survey  suggested  possible  remedies  which  later  researches  prove  to 
be  desirable.  While  we  rate  the  "  preservation  of  scenic  beauty  "  as 
taking  precedence  over  diversions  "for  power  purposes"  we  b»elieve 
that  the  development  of  water  power  is  of  urgent  importance  and 
that  such  diversions  should  be  not  only  permitted  but  encouraged 
to  the  extent  that  it  is  possible  to  arrange  to  make  them  consistent 
with  proper  regard  for  navigation  and  without  danger  to  the  "  preser- 
vation 01  Niagara  Falls  and  the  rapids  of  the  Niagara  River."    We  are 
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hereafter  expressing  ourselves  as  believing  that  works  are  practicable 
which  would  not  only  neutralize  the  damage  of  both  kinds  that 
diversions  "for  p«>wer  purposes"  may  justly  be  charged  with,  but 
also  would  reduce,  if  not  completely  prevent,  the  destructive  erosion 
and  recession  of  thi)  Horseshoe  which,  more  than  anything  else,  have 
injured  scenic  beauty.  The  increase  of  low-water  discharges,  to  be 
rendered  possible  by  the  regulating  dam  at  the  head  of  the  river, 
would  also  ameliornte  the  rapids  and  the  Horseshoe  Falls  and  even 
before  construction  of  the  remedial  worlts  permit  20,000  cubic  feet  per 
second  additional  to  be  diverted  above  the  Falls  in  the  United  States 
and  4,000  cubic  feet  per  second  in  Canada  "for  power  purposes," 
leaving  all  scenic  beauty  somewhat  better  than  it  now  is.  In  addi- 
tion, a  diversion  "for  power  purposes"  of  30,000  cubic  feet  per 
second  in  the  Lower  Gorge  is  recommended  as  desirable  and  really 
harmless  to  scenic  beauty.  We  are  recommending  that  the  diversion 
of  ^fiOO  cubic  feet  \\ev  second  be  conditional  upon  the  completion 
of  an  agreement  with  Canada  for  the  construction  of  the  regulating 
dam  and  the  appropriation  by  both  countries  of  the  amoimts  required 
for  its  construction,  and  also  that 'the  diversion  be  used  in  the  devel- 
opment of  power  under  the  full  head  of  310  to  320  feet  due  to  the 
difference  between  the  levels  of  the  Chippawa-Grass  Island  pool  and 
the  Niagara  Eiver  just  above  Lewiston.  The  diversion  of  30,000 
cubic  feet  per  second  from  the  Lower  Gorge  will  be  the  lower  stage, 
with  head  of  some  90  feet,  the  two  more  efficient  power  stations  at 
Niagara  Falls  belonging  reispectively  to  the  Ontario  and  the  Niagara 
Falls  power  companies.  Tnese  stations  are  now  in  operation  and 
develop  power  from  a  total  diversion  of  between  25,000  and  30,000 
cubic  fec^  per  second  under  a  head  of  between  200  and  220  feet,  that 
of  the  upper  stage,  i.  e.,  difference  in  level  between  the  Chippawa- 
Grass  Isdand  pool  and  the  Maid-of -the-Mist  pool. 

77.  We  now  apptx>ach  the  last  and  probably  the  most  discussed 
subject  on  the  part  of  Ccmgress  and  ox  the  general  public,  namely, 
"  the  preservation  of  the  scenic  beauty  of  Niagara  Falls  and  the  rapids 
of  the  Niagara  River."  We  have  already  mentioned  the  damage  to 
the  beauty  of  the  Horseshoe  caused  by  the  deterioration  of  the  ends 
of  the  crest.  This  is  amply  shown  by  the  admirable  photographs 
accompanying  the  text,  m  which  high  discharges  covering  these 
usually  bare  ends  are  are  contrasted  with  the  lower  flows  that  ex- 
pose the  unsightly  black  rock.  The  denudation  of  the  ends  is 
plainly  due  to  the  concentration  of  flow  in  the  notch  which  has 
formed  in  late  years  and  has  spoiled  the  symmetry  of  the  Horseshoe. 
This  concentration  has  set  up  erosion  and  recession  which,  in  turn, 
have  tended  to  increase  concentration  in  the  notch  and  accelerated 
baring  of  the  ends — the  familiar  vicious  cycle.  Mist  and  spray  are 
also  the  results  of  this  pernicious  concentration  and  they  obscure 
the  Horseshoe  and  render  it  inferior  as  a  spectacle  to  the  American 
Fall,  which,  with  far  less  depth  on  its  ci*est  and  much  smaller  but 
nearly  uniformly  distributed  now,  is  generally  regarded  as  supremely 
beautiful.  The  way  to  insure  the  "  preservation  of  the  scenic 
beauty  of  Niagara  Falls  "  is  therefore  to  secure  a  uniform  distribu- 
tion of  the  flow  and  to  reduce  it  to  the  point  where  mist  and  spray 
will  be  a  minimum.  Uniform  distribution  calls  for  cutting  down 
the  now  bare  ends  and  forcing  water  away  from  the  notch,  reduc- 
tion in  volume  can  be  effected  only  by  increasing  diversions.    To 
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secure  uniformity  of  distribution,  we  are  recommending  the  step  by 
step  construction  within  coffer  dams  of  a  rough  stone  or  concrete 
weir  whose  design  and  location  will  be  based  on  model  experiments, 
and  the  necessary  cutting  down  of  the  ends  and  other  excavations 
are  to  be  similarly  determined  and  made.  We  recommend  also  that 
discharge  over  the  Horseshoe  be  such  as  will  produce  from  3  to  ^ 
feet  depth  on  the  reformed  crest,  a  volume  that  we  estimate  at  about 
70,000  cubic  feet  per  second,  and  that  the  flow  over  the  American 
Fall  be  held  at  10,000  cubic  feet  per  second,  leaving  eventually 
100,000  to  110,000  cubic  feet  per  second  available  for  power.  The 
scenic  beauty  of  the  rapids  both  above  and  below  the  falls  will 
not  only  be  preserved  but  improved  by  the  additional  diversions. 

78.  As  to  Lake  Ontario  and  the  St.  liawrence,  the  desires  of  Con- 
gress are  only  indicated  in  a  general  way  as  being  included  in  the 
"  entire  subject  of  water  diversion  from  the  Great  Lakes."  Since 
the  passage  of  the  resolution,  Congress  has  directed  an  investigation 
of  practically  the  same  character  to  be  made  by  the  International 
Joint  Commission.  The  division  engineer  gives  information  as  to 
all  existing  diversions  from  Lake  Onterio  and  the  St.  Lawrence  "  for 
navigation,  sanitary,  and  power  purposes."  He  shows  that  there 
are  none  for  navigation  or  power  from  Lake  Ontario  and  that  those 
for  "sanitary  purposes"  are,  as  usual,  unimportant.  While  there 
are  diversions  tor  all  three  purposes  from  the  St.  Lawrence,  except 
that  at  Massena,  which,  while  considerable,  is  largely  compensated, 
they  are  all  small  and  their  effects  of  no  real  conseouence.  The  in- 
ternational portion  of  the  river  lies  between  Lake  Ontario  and  St. 
Regis.  Below  St.  Begis,  it  is  wholly  Canadian.  Above  St.  Regis, 
there  are  no  interests  demanding  serious  consideration  except  navi- 
gation and  power.  The  volume  of  this  navigation,  though  only 
about  5  per  cent  of  that  of  the  upper  lakes,  is  substantial,  but  it 
seems  unlikely  that  its  importance  will  ever  greatly  exceed  the  possi- 
bilities of  power  development  which  are  enormous.  The  navigation 
of  Lake  Ontario  is  practically  the  same  as  that  of  the  Welland 
Canal  and  the  St.  Lawrence.  A  regulating  dam  at  the  foot  of  Lake 
Ontario  would  obviously  help  navigation,  both  on  the  lake  and  on 
the  river  below  it  and  by  equalizing  the  discharge  it  would  greatly 
improve  the  power  output.  Its  construction  is  desirable,  especially 
to  supplement  the  corresponding  dam  at  Buffalo,  but  as  the  Inter- 
national Joint  Commission  is  now  engaged  in  making  the  investiga- 
tion demanded  by  Congress,  we  forego  further  discussion  of  this 
subject. 

79.  The  preceding  discussion  enables  us  to  present  a  logical  and 
convincing  solution  of  the  problems  connected  with  water  diversions 
from  the  Great  Lakes  and  the  Niagara  River,  including  navigation, 
sanitary  and  power  purposes,  and  the  "  preservation  of  the  scenic 
beauty  of  Niagara  Falls  and  the  rapids  of  Niagara  River,"  by  per- 
mitting  us  to  appraise  the  relative  value  and  importance  of  the  three 
purposes  for  which  water  may  be  used  as  compared  with  "  the  preser- 
vation of  scenic  beauty."  Navigation,  whether  in  artificial  canals  or 
in  open  waters,  is  of  higher  value  and  importance  than  any  other 
end  served  by  the  water  of  the  Great  Lakes.  The  depths  of  the  lakes 
and  their  connecting  channels  which  may  have  been  injured  by  di- 
versions for  various  purposes  should  be  restored  and  if  possible  in- 
creased, and  whatever  possible  done  to  benefit  navigation.    Following 
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navigation  in  importance  comes  the  "  preservation  of  scenic  beauty 
of  Niagara  Falls  and  the  rapids  of  the  Niagara  River,"  which,  as  we 
have  already  seen,  demands  that  the  flow  shall  be  uniformly  distrib- 
uted, in  somewhat  reduced  volume  over  the  entire  crest  of  the  Horse- 
shoe by  means  which  have  been  generally  outlined.  The  Horseshoe 
will  thereby  be  both  preserved  and  improved.  The  rapids  are  not 
in  any  danger  and  additional  diversions  will  somewhat  improve 
them/  Power  comes  third  in  order  of  importance,  and  should  be 
served  only  when  the  needs  and  possibilities  of  navigation  and  of 
scenic  beauty  have  been  filled.  Legitimate  sanitary  uses  are  so  in- 
significant in  their  effects  as  to  require  no  limitation.  The  diversion 
at  Chicago  is  a  special  case  of  use  for  a  sanitary  purpose,  and  it  will 
therefore  be  discussed  separately.  We  shall  therefore  proceed  to  dis- 
cuss the  above  matters  in  greater  detail  in  the  following  order: 
Navigation,  preservation  of  scenic  beauty,  power,  sanitary  use  at 
Chicago, 

NAVIGATION. 

so.  The  character,  extent,  and  importance  of  the  navigation  of  the 
(ireat  Lakes  are  generally  known,  and  the  division  engineer  gives  a 
large  amount  of  detailed  information  as  to  the  commodities  carried 
and  the  vessels  that  carry  them.  The  traffic  consists  principally  of 
bulk  freight,  iron  ore,  coal,  grain,  and  stone,  carried  in  large  vessels 
of  a  peculiar  type  and  most  of  it  originates  or  terminates  at  the  west 
end  of  Lake  Superior  or  the  east  end  of  Lake  Erie.  The  channels 
through  the  lakes  naturally  afford  practically  unlimited  depth,  but 
the  harbors  and  the  connecting  channels  have  had  to  be  deepened 
by  dredging  and  set  the  limitations  upon  the  drafts  to  which  vessels 
may  load.  The  lakes  themselves  exhibit  considerable  seasonal  and 
periodic  fluctuations  of  depth,  and  the  lower  stages,  occurring  gen- 
erally in  the  spring  and  fall,  reduce  to  a  minimum  the  depths  avail- 
able in  the  harf>ors  and  connecting  channels.  Thus  between  1860  and 
l![>20  the  monthly  mean  elevations  of  Lake  Superior  varied  between 
6<^}.7  and  604.1  feet,  those  of  Lakes  Michigan  and  Huron  between 
579  and  583.6  feet,  and  those  of  Lake  Erie  between  570.7  and  574.5 
feet.  There  have,  of  course,  been  daily  mean  stages  considerably 
lower  than  these  average  monthly  elevations. 

81.  Transportation  on  the  lakes  is  extremely  well-organized  and 
etRcient,  and  a  sj^stem  has  been  evolved  under  which  vessels  on  every 
trip  have  timely  notice  of  the  minimum  depth  available  along  their 
route  and  load  to  the  greatest  draft  thus  indicated  as  permissible. 
Advantage  is  taken  of  every  possible  inch  of  depth  ana  the  actual 
cost  of  transportation  is  thereby  kept  very  low.  It  is  easy  to  see 
that  under  such  a  system  every  inch  of  depth  is  of  measurable  value. 
The  division  engineer  has  figured  that  the  average  earnings  for  each 
tenth  of  a  foot  of  draft  of  the  average  lake  freights  is  $44.57  per 
trip,  or  $590,000  per  season  for  the  entire  fleet,  and  this  is  evidently 
also  the  loss  from  a  reduction  in  depth  of  the  same  amount  for  the 
numlier  of  vessels  considered. 

82.  It  is  an  accepted  fact  that  lowering  of  all  the  lakes  named  has 
resulted  from  diversions  and  changes  in  the  discharge  capacity  of 
their  outflow  and  connecting  rivers — and  the  amount  of  lowering  and 
consequent  reduction  of  depth    available    at    critical    points    being 
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known,  it  is  a  simple  matter  of  multiplication  to  arrive  at  the  total 
annual  loss.  Table  47  shows  the  total  lowering  of  each  lake  by  all 
existing  diversions  at  mean  stage.  Lakes  Michigan  and  Huron  are 
lowered  0.47  foot.  Lake  Erie  0.76  foot  and  Lake  Ontario  and  the  St. 
Lawrence  River  at  Lock  25  about  0.62  foot.  If  the  entire  bulk  freight 
traffic  of  the  upper  Lakes  entered  Lake  Erie  the  annual  loss  would  be 
7.6X$590,000=$4,484j000.  Only  about  8  per  cent  of  this  traffic 
pertains  to  Lake  Erie  and  the  yearly  loss  is  therefore  $3,946,000. 
The  loss  on  the  12  per  cent  pertaining  to  Lake  Michigan  is  $333,000, 
and  that  on  the  traffic  of  the  St.  Lawrence  Canals  $434,000,  the  total 
average  annual  loss  based  on  recent  tonnage  being  therefore 
$4,713,000.  To  this  total  loss  of  earnings  the  diversion  of  the  Chi- 
cago Sanitarv  Canal,  an  average  of  8,800  cubic  feet  per  second  in  1917, 
contributed  $2,866,000  annually,  and  even  the  diversions  for  power  in 
the  Chippawa-Grass  Island  pool,  far  below  the  foot  of  Lake  Erie, 
lower  it  nearly  one-tenth  foot  and  cause  a  loss  of  about  $526,000  each 
year. 

83.  While  diversions  therefore  cause  ^reat  losses  which  should  be 
ended  by  works  to  restore  the  lost  depths,  load  drafts  of  vessels  are 
affected  still  more  injuriously  by  the  natural  oscillations  of  the  lakes 
which,  over  a  period  of  years,  have  had  a  range  of  4.6  feet  on  Lakes 
Michigan  and  Huron  and  of  nearly  4  feet  on  Lake  Erie.  During  a 
single  season  of  navigation  the  difference  between  monthly  mean  high 
and  low  waters  has  been  as  much  as  2  feet.  The  losses  due  to  this 
cause  are  therefore  nearly  three  times  as  great  as  those  due  to  di- 
versions. 

84.  As  already  stated,  at  least  four  different  plans  have  been  pro- 
posed for  restoring  lake  levels  and  two  of  these,  those  of  the  Deep 
Waterways  Board,  and  of  the  Chicago  Sanitary  District,  contemplate 
regulating  Lake  Erie  and  restoring  diminished  levels  by  works  that 
would  modify  the  natural  oscillations  of  that  lake.  The  Division 
Engineer  believes  that  the  former  plan  is  objectionable  because  it 
would  increase  the  danger  of  floods  due  to  winds  and  ice  fforges.  Such 
floods  cause  a  certain  amount  of  damage  at  Buffalo  and  Fort  Erie  and 
other  centers  of  population  near  by.  In  addition^  the  disturbance 
of  the  normal  outflow  of  Lake  Erie  would  affect  Lake  Ontario  un- 
favorably. We  had  no  opportunity  to  oass  upon  the  plan  of  the 
Chicago  Sanitary  District  which  apparently  is  subject  only  to  the  lat- 
ter objection.  The  plan  proposed  by  the  International  Waterways 
Commission  in  1913,  a  compensating  submerged  weir  of  peculiar  form 
extending  diagonally  across  the  Niagara  River  from  above  the  mouth 
of  Chippawa  Creek  to  Gill  Creek,  would  raise  the  Chippawa-Grass 
Island  pool  3  feet,  and  by  backwater  elevate  Lake  Erie  about  4i 
inches.  It  would  therefore  fall  far  short  of  restoring  the  natural 
levels  of  the  lake  and  the  oscillations  of  the  latter  would  remain  un- 
affected. The  Division  Engineer  rejects  the  first  and  third  plans  for 
restoring  levels  and  proposes  to  restore  the  levels  of  Lakes  Erie, 
Huron,  and  Michigan  by  the  construction  of  two  sets  of  submerged 
weirs.  One  set  or  five  would  be  at  the  head  of  the  Niagara  River 
abreast  of  Squaw  Island,  cost  about  $2,000,000,  and  raise  Lake  Erie 
1.27  feet.  Lake  St.  Clair  about  0.55  foot,  and  Lakes  Huron  and  Michi- 
gan about  0.16  foot,  leaving  0.28  foot  to  be  compensated  by  dredging 
in  Lake  St.  Clair.  The  second  set  of  about  11  weirs,  spaced  aoout 
one-third  mile  apart  in  the  St.  Clair  River,  would  cost  $1,500,000 
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and  would  raise  Lakes  Huron  and  Michigan  0.60  foot  more.  '  The 
levels  of  these  three  lakes  and  the  connecting  rivers  between  them 
would,  at  a  tot&l  cost  of  about  $3,660,000,  be  not  only  fully  restored, 
but  provision  made  for  the  lowering  that  would  be  caused  by  some 
additional  diversion,  tiie  margin  on  Lake  Erie  being  0.51  feet  and  on 
Ls^es  Huron  and  Michigan  0.29  foot. 

85.  These  submerged  weirs  would  leave  the  natural  oscillation  of 
Lakes  Erie  and  Huron  undisturbed.  Th^  would  reduce  the  discharge 
capacitj  of  the  SL  Clair  and  Niagara  Kivers  to  what  it  was  before 
any  diversions  or  other  artificial  cnanges  were  made  and  permit  the 
lakes  to  fluctuate  between  such  levels  as  would  have  resulted  from 
purely  natural  causes,  such  as  changes  in  precipitation,  evaporation, 
etc.  To  design  the  weirs  correctly,  proper  model  experiments  would 
be  desirable  and  also  prolonged  gauge  observation.  *  In  other  respects, 
the  weirs  are  a  sound  and  workable  solution  of  the  problem  of  improv- 
ing^ navigable  depths,  in  some  respects  preferable  at  the  time  they  were 
recommended  to  any  other  plan. 

86.  Since  the  Division  Engineer's  report  was  prepared,  there  has 
been  a  very  marked  development  of  public  sentiment  in  favor  of  the 
opening;  of  the  upper  St.  Lawrence  River  to  large  vessels,  and  it 
seems  &irly  certain  that  any  such  plan  will  include  works  for  regu- 
lating the  discharge  and  level  of  Lake  Ontario.  One  important 
objection  to  restoring  the  levels  of  Lake  Erie  and  the  waters  above  it 
by  means  of  an  adjustable  or  regulating  dam  will,  therefore,  be  re- 
moved, and  we  believe  that  the  oDJection  as  to  interference  with  the 
discharge  of  floods  and  ice  would  be  safely  met  by  providing  a  dam 
with  sluiceways,  operated  by  Stoney  gates,  extending  completely 
across  the  river  and  bv  enlarging  the  area  of  cross  section  at  the  dam 
and  below  it  through  the  now  constructed  section  of  the  upper 
Nia^ra  River  so  as  to  permit  the  safe  discharge  of  about  400,000 
cubic  feet  per  second.  On  December  9,  1917,  the  stage  of  Lake  Erie 
was  579  and  the  discharge  366,000  cubic  feet  per  second,  and  on 
December  7, 1909,  the  lake  reached  an  elevation  ox  580.28,  correspond- 
ing to  a  discharge  of  400,000  cubic  feet  per  second,  so  that  the  dis- 
charge capacity  proposed  corresponds  to  actual  conditions. 

87.  Such  a  regulating  dam  at  the  foot  of  Lake  Erie  would  have  a 
number  of  important  advantages  over  the  plan  of  the  Division 
Engineer.  It  would  hold  Lake  Erie  during  the  season  of  navigation 
at  a  more  nearly  uniform  level,  probably  between  elevations  573  and 
574,  thereby  increasing  the  low  water  depths  on  that  lake  by  perhaps 
1^  feet  or  more,  and  its  range  of  oscillation  during  the  open  season 
might  be  reduced  to  a  foot  or  less.  The  low- water  depths  of  Lakes 
Michigan  and  Huron  and  of  the  channels  connecting  them  with  Lake 
Erie  would  also  be  improved,  the  Lakes  being  raisea  perhaps  0.2  foot 
or  more  and  the  connecting  ch^mels  greater  amounts.  Apparently, 
depths  on  Lake  St.  Clair  woula  be  fully  compensated  for  all  exist- 
ing or  probable  future  diversions,  and  below  Lake  St.  Clair  during  the 
season  of  navigation  they  would  be  considerably  greater  than  the  un- 
disturbed natural  depths  would  have  been. 

88.  By  proper  manipulation  of  the  sluice  gates  of  this  dam  the 
discharge  of  Lake  Erie  might  be  made  verv  nearly  constant,  say, 
from  1^,000  to  200,000  cubic  feet  per  seconcf.  This  would,  in  turn, 
greatly  benefit  the  scenic  beauty  of  the  Falls,  which,  when  Lake  Erie 
IS  extremely  low  with,  for  example,  such  an  elevation  as  that  of  Feb- 
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ruary  1,  1915.  namely,  567.38,  and  a  corresponding  discharge 
106,000  cubic  leet  per  second,  are  materially  less  beautiful  tiian  wl 


of 
when 

the  stages  and  discharges  are  higher.  The  dischar^  at  normal  low 
water  is  considerably  greater  than  the  figure  just  given,  being  about 
160,000  cubic  feet  per  second.  Regulation  would  increase  this  dis- 
charge about  40,000  cubic  feet  per  second,  only  half  the  amount  addc^ 
at  extreme  low  stage.  This  increase,  however,  would  be  a  real  benefit 
to  scenic  beauty  and  it  also  would  permit  power  diversions  to  be  in- 
creased. Furthermore,  the  regulating  dam  would  enable  the  remedial 
works  above  the  Horseshoe  to  be  more  safely  and  readily  constructed^ 
as  will  hereafter  be  shown. 

89.  Because  of  these  great  and  positive  benefits,  we  recommend 
the  construction  of  the  above  regulating  dam  at  the  foot  of  Lake 
Erie  close  to  the  site  selected  by  the  deep  waterways  board.  No- 
detailed  plan  has  been  made  for  this  dam.  It  is  an  international 
matter  and  should  be  clearly  defined  in  an  appropriate  agreement 
with  Canada.  We  have,  however,  made  a  tentative  analysis  and 
estimate  which  show  that  the  plan  of  control  is  feasible  and  that 
it  would  not  cost  more  than  ^,000,000.  This  cost  should  be  de- 
frayed by  Canada  and  the  United  States  upon  such  a  basis  as 
might  be  agreed  to. 

90.  The  regulating  dam  would  not  completely  compensate  for 
existing  losses  of  depth  in  the  St.  Clair  River  and  in  Lakes  Huron 
and  Michigan  and  it  would  not,  of  course,  permit  any  increases  in 
the  diversions  that  affect  those  depths.  Furthermore,  the  oscilla- 
tions of  these  two  lakes  and  consequently  of  the  St.  Clair  River 
would  be  practically  unaffected  in  range.  It  is  seemingly  out  of 
the  question  to  control  the  oscillations  of  the  Detroit  Kiver  and 
of  the  channels  and  lakes  above  it,  and,  subject  to  adequate  model 
experiments  as  to  the  submerged  weirs,  we  therefore  recommend 
the  dredging  in  Lake  St.  Clair  and  the  compensatii^  weirs  in  the 
St.  Clair  River  proposed  by  the  division  engineer  for  raising  the 
levels  and  increasing  depths,  all  at  an  additional  cost  of  $2,- 
160.000. 

91.  This  regulating  dam  and  the  dredging  and  submerged 
weirs  give  practical  assurance  of  the  operation  of  the  present  type 
of  large  vessels  with  a  minimum  of  inconvenience  and  uncertainty, 
and  their  installation  would  represent  full  and  liberal  provision 
for  the  preponderating  interest  of  navigation.  They  snould  be 
begun  and  completed  at  the  earliest  possu)le  moment. 

PRESERVATION  OF  SCENIC  BEAUTY. 

92.  We  are  now  at  liberty  to  pass  to  the  subject  next  in  order 
of  importance,  namely,  the  "preservation  of  the  scenic  beauty  of 
Niagara  Falls  and  the  rapids  of  the  Niagara  River.*'  The  report 
of  the  division  engineer  is  full  and  clear  in  its  analysis  of  what 
constitutes  and  causes  the  scenic  effects  of  the  Niagara  River  and 
without  further  discussion  we  accept  his  conclusions  which  are 
that  the  chief  beauty  of  the  Falls  arises  from  unbroken  crest  lines, 
generously  supplied  with  water  and  clearly  visible  from  advan- 
tageous viewpoints;  that  the  American  Fall  is  more  beautiful  than 
tiie  Horseshoe  because  the  absence  of  mist  and  spray  permit  it 
to  create  a  more  pleasing  impression  on  the  spectator;  that  the 


DIYEBSIOK  OF  WATBR  FROM  GREAT  LAKES  AND  NIAGARA  RIVER.      47 

effect  of  the  Horseshoe  is  marred  not  only  by  the  mist  and  spray 
but  also  by  the  denudation  of  its  two  ends;  that  these  are  caused 
almost  exdusively  by  the  erosion  and  recession  of  the  notch  with 
consequent  concentration  of  flow  there  to  the  detriment  of  the 
remainder  of  the  Horseshoe;  that  diversions  hitherto  made  for 
various  purposes  have  slightly  iniured  the  Horseshoe;  that  to  re- 
duce its  rate  of  recession  the  discharge  at  the  notch  of  the  Horse- 
shoe must  be  reduced  by  distributii^  the  flow  uniformly  over  the 
crest  line;  that  some  additional  diversion  for  power  above  the 
Falls  is  not  only  permissible  but  desirable,  because  of  its  effect  in 
reducing  erosion  and  recession;  that  on  the  whole  all  the  rapids 
look  be^  at  low  stages ;  and  that  the  beauty  of  the  gorge  is  largely 
due  to  its  wooded  high  banks. 

93.  So  far  as  concerns  the  preservation  of  scenic  beauty,  the  most 
important  measure  suggested  by  the  Division  Engineer  is  the  con- 
struction of  a  weir  and  certain  rock  excavation  for  the  uniform  dis- 
tribution of  flow  over  the  Horseshoe,  and  he  believes  that  this  work 
should  be  planned  only  after  the  river  bed  above  the  Horseshoe  has 
been  laid  bare,  its  exact  formation  ascertained  and  a  correct  model 
made  to  scale  and  tested.  To  preserve  the  flow  of  the  American  Fall 
he  recommends  a  rough  submerged  weir  between  the  head  of  Goat. 
Island  and  the  Canadian  side,  part  of  which  has  already  been  made 
by  dumping  dredge  spoil. 

94.  We  are  in  accord  with  these  recommendations  of  the  Division 
Engineer  as  to  the  advantage  of  distributing  as  nearly  uniformly  as 
possible  the  water  flowing  over  the  Horseshoe  Fall  and  as  to  the  gen- 
eral method  by  which  this  can  be  accomplished.  The  work  to  be 
done  consists  of  the  construction  of  cofferdams  so  planned  as  to  per- 
mit successive  parts  of  the  river  bed  to  be  unwatered  and  surveyed 
minutely,  leaving  always  sufficient  channel  way  unobstructed  to  pro- 
yide  for  the  discharge  of  the  river.  The  construction  of  these  coffer- 
dams is  dangerous  and  difficult,  and  it  should  be  undertaken  only  by 
those  who  have  had  practical  experience  under  similar  conditions 
and  therefore  understand  how  to  cope  with  the  swift  current  and 
large  discbarge.  Similar  work  has,  however,  been  done  at  this  very 
locality  and  we  have  no  doubt  that  the  cofferdams  can  be  built,  that 
an  accurate  model  can  be  made  from  which,  under  varying  conditions 
of  flow,  may  be  determined  the  form  of  the  rough  structure  for  di- 
verting most  of  the  flow  from  the  notch  and  the  nature  and  extent 
of  the  excavations  necessary  in  conjunction  with  it  to  insure  uniform 
distribution  of  the  flow  over  the  crest  of  the  Horseshoe.  The  smaller 
the  discharge  over  the  Horseshoe  the  more  easily  all  this  work  can 
be  done.  Sy  completing  the  regulating  dam  at  the  head  of  the 
Niagara  Kiver  before  work  is  begun  on  these  remedial  works  at 
Niagara  Falls,  it  would  be  possible  to  reduce  the  discharge  of  the 
river  practically  at  will,  and  thereby  greatly  to  facilitate  the  con- 
struction of  these  works.  We  therefore  recommend  that  no  attempt 
be  made  to  start  the  remedial  works  until  the  regulating  dam  has 
been  completed  and  is  in  operation.  The  submerged  weir  for  pre- 
serving the  flow  of  the  American  Fall  is  necessary,  and  it  shoula  be 
built  whenever  rock  is  made  available,  possibly  as  a  result  of  the 
remedial  work  above  the  Horseshoe.  These  remedial  works  are  also 
international  in  their  scope  and  therefore  call  for  appropriate  diplo- 
matic agreement  as  to  their  construction  and  payment. 
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95.  Beasoning  from  the  analogy  of  the  beautiful  American  Fall 
with  its  flow  of  10,000  cubic  feet  per  second,  the  average  depth  of  1^ 
feet  on  its  crest,  and  its  average  discharge  oi  10  cubic  feet  per  second, 
per  foot  of  crest,  we  believe  that  should  these  remedial  works  be  com- 
pleted, a  flow  of  60,000  to  70,000  cubic  feet  per  second,  or  an  average 
of  23  to  27  cubic  feet  per  second  per  foot  of  crest  will  give  a  depth  of 
from  3  to  3^  feet,  and,  considermg  all  differences  of  conditions,  re- 
sult in  a  clearly  visible  spectacle  of  maximum  beauty,  corresponding 
closely  to  that  of  the  American  Fall.  The  problem  is  one  not  sus- 
ceptible of  rigid  analysis  and  only  a  comprehensive  and  intelligent 
program  of  model  experiments  will  enable  the  best  results  to  be 
attamed.  We  estimate  the  cost  of  all  operations  connected  with  the 
construction  of  these  remedial  works  at  $6,000,000.  The  rapids  re- 
quire no  remedial  action  for  their  preservation. 

DIVERSIONS  "  FOR  POWER  PURPOSES." 

96.  These  come  third  in  our  estimate  of  their  general  importance, 
by  which  we  mean  that  the  development  of  water  power  at  Niagara 
Falls  should  be  subordinated  to  the  needs  of  navigation  and  to  such 
limitations  as  are  required  for  the  preservation  of  the  scenic  beauty  of 
the  Falls  and  rapids.  To  show  the  value  of  the  navigation  of  lakes  to 
the  Nation,  it  is  reliably  estimated  thatthe  annual  carrying  charges  for 
bulk  freight  are  $260,000,000  less  than  they  would  be  if  rail  trans- 
portation were  used.  Scenic  beauty  can  not  be  valued  in  money,  but 
there  can  be  no  doubt  as  to  the  place  Niagara  Falls  holds  in  the 
opinion  of  the  American  people.  Fower,  no  doubt,  justly  comes  third 
in  relative  order  among  the  matters  upon  which  we  have  to  express 
our  judgment,  but  it  must  not  therefrom  be  inferred  that  the  develop- 
ment of  the  greatest  permissible  amount  of  water  power  is  a  matter 
of  small  importance. 

9T.  Cheap  and  abundant  power  is  a  necessity  of  a  great  industrial 
country  such  as  ours.  While,  in  recent  years,  the  adoption  of  the 
multiple  stage  steam  turbine  in  units  oi  very  large  capacity  has 
brought  the  cost  of  steam  power  to  extremely  low  figures,  the  steadily 
advancing  price  of  coal  makes  a  steam  power  mudi  more  expensive 
than  any  fairly  constant  and  reasonably  efiicient  water  power. 
Ordinary  grades  of  coal  now  cost  more  than  $6  per  ton  at  Lake  Erie 
ports,  and  are  difficult  to  get  even  at  that  figure.  Throughout  the 
country,  therefore,  there  is  an  urgent  demand  for  water  power. 
Nowhere  are  the  conditions  for  the  development  of  water  power  as 
favorable  as  on  the  Niagara  and  St.  Lawrence  rivers,  where  a  prac- 
tically constant  flow  of  great  volume  is  available  under  a  total  oevel- 
opable  head  of  about  500  feet,  the  resulting  power  at  80  per  cent 
efficiency  being  about  9,000,000  horsepower.  This  enormous  amount 
of  power,  at  present  largely  undeveloped,  is  situated  close  to  a  busy 
and  well-settled  industrial  region  where  there  are  no  deposits  of  coal. 
Each  water  horsepower  used  in  place  of  steam  would  save  at  least 
10  tons  of  coal  annually  and,  if  the  above  total  water  power  could 
be  developed,  the  resulting  saving  of  coal  would  release  the  labor 
of  200,000  men  or  more.  The  part  of  this  power  belonging  to  the 
United  States,  especially  that  possible  of  development  at  Niagara 
Falls,  would  be  of  immense  value  in  the  diversified  industries  of 
western  New  York.    Incidentally,  the  overtaxed  railroads  might  not 
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only  be  relieved  of  much  coal  and  set  free  to  carry  more  profitable 
commoditi^  but  they  might  also  in  large  part  be  electrifiea.  Water 
power  at  Niagara  can  be  developed  very  cheaply.  If  1,000,000  horse- 
power additional  could  be  developed  there,  the  saving,  as  compared 
with  steam  power,  would  be  at  least  $30,0(X),000  annually.  There  is 
now  an  insistent  demand  for  more  power  for  general  uses  in  western 
New  York,  and  the  shortage  is  certainly  to  be  measured  in  hundreds 
of  thousands  of  horsepower. 

98.  Notwithstanding  the  great  value  of  water  power,  we  have 
already  indicated  our  opinion  that  the  amount  of  water  tnat  should 
be  permitted  to  be  diverted  is  definitely  limited.  The  division  engi- 
neer recommends  that  a  total  of  not  exceeding  80,000  cubic  feet  per 
second  be  diverted  from  above  the  falls.  This  increase  in  diversion 
for  power  purposes  above  the  present  treaty  limit  of  56,000  cubic 
feet  per  second  is  predicated  on  the  assumption  that  the  remedial 
worli:5  for  improving  the  Horseshoe  can  ana  will  be  built,  and  that, 
as  the  submerged  weirs  at  the  head  of  the  Nia^ra  River  would 
restore  the  levels  of  Lake  Erie  without  affecting  its  oscillations  and 
its  variations  in  discharge,  an  occasional  minimum  discharge  at 
130,000  cubic  feet  per  second  must  be  expected,  of  which  he  believes 
that  not  less  than  5,000  cubic  feet  per  second  is  required  to  sluice 
ice  over  the  American  fall  and  45,000  cubic  feet  per  second  to  per- 
form the  same  duty  for  the  Horseshoe,  leaving  the  maximum  diver- 
sion at  80,000  cubic  feet  per  second.  Having  in  mind  the  same  mini- 
mum discharge  of  130,000  cubic  feet  per  second,  the  division  engineer 
concludes  that  ^,000  cubic  feet  per  second,  or  one-half  of  the  total 
recommended  diversion,  may  be  taken  from  above  the  falls  and 
diverted  aroimd  the  Maid-of -the-Mist  pool  and  both  the  rapids  below 
it,  but  that  the  remaining  40,000  cubic  feet  per  second  should  be 
returned  to  the  river  immediately  below  the  falls,  the  principal  reason 
for  this  decision  being  the  need  of  preserving  the  ice-aischarge  capac- 
ity of  the  Maid-of-the-Mist  pool,  which  therefore  he  estimates  to  call 
for  a  flow  of  at  least  90,000  cubic  feet  per  second. 

99.  The  immense  quantity  of  ice  discharged  each  year  by  the  Ni- 
agara River  certainly  must  receive  attention  in  fixing  the  limits  within 
which  diversions  are  permissible.  We  believe  that  appropriately  de- 
signed regulation  works  at  Buffalo  will  not  only  not  endanger  but 
in  reality  will  increase  the  river's  ability  to  dispose  of  unusual  accu- 
mulations of  ice  at  the  foot  of  Lake  Erie.  The  power  at  any  time 
to  release  from  300,000  to  400,000  cubic  feet  per  second  and  send  this 
volume  swiftly  down  the  river  will  permit  us  to  flush  the  channel 
clean  throughout  its  length  and  thereby  largely  solve  the  ice  problem 
throughout  the  river.  The  division  engineer  has  stated  that  a  mini- 
mum flow  of  50,000  cubic  feet  per  second  must  exist  above  the  Falls 
so  that  the  ice  may  be  safely  carried  over  them.  We  are  recom- 
mending a  minimum  of  70,000  to  80,000  cubic  feet  per  second,  and  to 
this  increased  discharge  have  added  the  valuable  sluicing  effect  of  an 
occasional  maximum  flow  of  300,000  to  400,000  cubic  feet  per  second, 
as  may  be  ^'udged  to  be  needed.  In  all  human  probability,  ice  as  a 
serious  limiting  factor  above  the  Falls  may  therefore  be  disregarded. 

100.  In  the  Maid-of-the-Mist  pool  the  ice  disposal  problem,  in  the 
division  engineer's  opinion,  calls  for  a  minimum  discharge  oi  90,000 
cubic  feet  per  second,  a  volume  that  he  feels  may  not  be  seriously  di- 
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minished  without  grave  danger.  While  as  the  result  of  regulation  un- 
der our  proposals  a  discharge  of  that  volume  would  be  provided  in  the 
entire  river  channel  below  the  Falls,  we  believe  that  ice  conditions 
in  that  portion  of  the  river  merit  some  discussion.  The  mere  accu- 
mulation of  ice  anywhere  is,  of  course,  unobjectionable,  unless  it  does 
damage.  Below  the  Falls  there  are  only  two  localities  where  ice 
gorges  form,  namely,  above  the  cantilever  bridge  with  occasional 
damming  and  super-elevation  of  the  Maid-of -the-Mist  pool,  and  at  the 
mouth  of  the  rivervj  where  gorges  have  also  been  known  to  raise  the 
river  level  from  iLake  Ontario  practically  to  the  Lower  Rapids. 
During  the  exceptionally  severe  winter  of  1908,  gorges  occurred  at 
both  these  localities.  The  upper  one  raised  the  water  level  sufficiently 
to  flood  the  power  house  of  the  Ontario  Power  Co.  Since  that  time 
the  company  has  closed  the  openings  through  which  the  water  then 
came  so  that  a  similar  interruption  of  its  service  and  damage  to  its 
generators  could  not  occur.  The  stations  of  the  Hydraulic  Power 
Co.  were,  however,  not  harmed,  and  the  only  other  injury  was  some 
disturbance  of  the  tracks  of  the  Gorge  Railway.  With  proper  use 
of  the  flushing  capacity  of  the  Lake  Erie  regulating  works,  m  con- 
junction with  the  minimum  discharge  of  about  90,000  cubic  feet  per 
second  that  we  hereafter  recommend,  ice  gorges  in  the  Maid-of-the- 
Mist  pool  and  lower  river  should  become  rare,  if  not  impossible,  and 
with  proper  interconnection  of  the  power  plants  in  the  Niagara  dis- 
trict and  efficient  arrangements  for  cutting  off  nonessential  use  and 
reducing  essential  use  to  a  minimum  during  such  emergencies  as 
arise  as  the  result  of  ice  damage,  we  feel  confident  that  loss  to  the 
public,  while  improbable^  would,  in  any  event,  be  small.  In  short, 
ice  gorges  in  the  lower  river,  never  frequent,  would  become  far  less 
so,  and  their  evil  effects,  always  comparatively  unimportant,  would 
largely  be  neutralized. 

101.  The  regulating  dam  at  the  head  of  the  Niagara  River  will 
afford  a  nearly  constant  flow  of  from  180,000  to  200,000  cubic  feet 
per  second.  If  a  constant  discharge  of  from  70,000  to  80,000  cubic 
feet  per  second  would,  as  we  believe,  create  the  greatest  attainable 
scenic  beauty  at  the  falls  and  amply  take  care  of  ice  above  them, 
there  would  be  available  for  diversion  about  100,000  cubic  feet  per 
second.  At  present,  the  diversions  on  the  New  York  side  are  an 
average  of  1,600  cubic  feet  per  second  through  the  New  York  State 
barge  canal,  and  19,500  cubic  feet  per  second,  taken  near  Port  Day 
into  the  canals  of  the  Niagara  Falls  Power  Co..  the  total  diversion 
in  New  York  being,  therefore,  about  21,100  cuoic  feet  per  second. 
On  the  Canadian  side,  the  total  diversion  by  the  three  power  com- 
panies at  Niagara  Falls  is  about  33,000  cubic  feet  per  second,  and 
the  entire  diversion  from  above  the  falls  may  be  put  at  54,100.  All 
the  power  diversions,  except  that  at  Lockport,  N.  Y.,  discharge  into 
the  Maid-of-the-Mist  pool,  which  is  220  feet  below  the  Chippawa- 
Grass  Island  pool.    The  small  diversion  at  Lockport  is  evidently 

?uite  inefficient.  Of  the  five  distinct  power  developments  at  Niagara 
'alls,  only  two  are  utilizing  efficiently  anything  like  the  full  head 
of  220  feet,  the  Ontario  Power  Co.  taking  about  13,000  cubic 
feet  per  second  on  the  Canadian  side  and  station  No.  3  and  its  ex- 
tension belonging  to  the  Niagara  Falls  Power  Co.  diverting  about 
12,000  cubic  feet  per  second  on  the  New  York  side.  The  others  use 
in  the  neighborhood  of  only  140  feet  head. 
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102.  While  the  safe  limit  of  diversion  from  above  the  falls  would 
be  about  100,000  cubic  feet  per  second  after  the  completion  of  the 
regulating  dam  at  Buffalo,  we  see  that  for  power  purposes  this  rep- 
resents an  increase  of  but  45,900  cubic  feet  per  second,  or  only  42,900 
cubic  feet  per  second,  if  Canada  be  assumed  to  take  the  full  30,000 
cubic  feet  per  second  now  permitted  under  the  treaty.  We  are  sure 
that  no  sound  reason  any  longer  exists  for  the  unequal  division  of 
the  total  diversion.  Axicordingly,  Canada  should  ultimately  receive 
ISAoO  cubic  feet  per  second  of  additional  water  for  power  purposes 
aiid  the  United  States  29,450,  thereby  making  the  diversion  of  each 
country  eventually  49,450  cubic  feet  per  second.  In  the  beginning, 
however,  we  think  it  wise  to  limit  the  increases  to  20,rX)()  cubic  feet 
per  second  on  the  American  side  and  to  4,000  cubic  feet  per  second 
on  tbe  Canadian,  postponing  further  diversions  until  a  suflicient 
opportunity  has  been  had  to  observe  the  effects  of  the  regulating  and 
remedial  works.  As  will  be  explained  hereafter,  not  even  the  initial 
infTeases  should  be  made  until  the  construction  of  the  regulating 
(lam,  upon  whose  operation  the  increases  clearly  depend,  has  been 
agreed  to,  funds  provided,  plans  completed  and  contracts  let. 

103.  We  now  come  to  the  subject  of  diversions  from  the  Maid-of- 
the-Mist  pool  and  lower  gorge.  We  have  already  stated  that  the 
division  engineer  assigns  a  present  limit  of  40,000  cubic  feet  per 
second  to  such  diversions.  He,  however,  believes  that  experience  and 
close  observation  may  justify  a  higher  figure.  This  limitation  is 
based  upon  his  belief  that  a  minimum  flow  of  about  90,000  cubic 
feet  per  second  is  needed  below  the  falls  to  take  care  of  ice.  Accept- 
ing this  volume  of  90,000  cubic  feet  per  second  as  approximately  the 
correct  minimum,  it  is  readily  seen  that  the  equalizing  of  tlie  flow 
of  Lake  Erie  at  180,000  to  200,000  cubic  feet  per  second  introduces  a 
condition  with  which  the  division  engineer  did  not  reckon  as  does 
also  our  provision  of  70,000  to  80,000  cubic  feet  per  second  as  the 
minimum  flow  over  the  falls. 

104.  As  already  stated,  two  of  the  existing  power  stations  at 
Niagara  ¥alls  are  efficient.  Because  of  the  relatively  short  distance 
between  their  intakes  in  the  Chippawa-Grass  Island  pool  and  their 
outlets  at  the  head  of  the  Maid-of-the-Mist  pool,  a  mile  or  less,  these 
plants  were  economical  to  construct.  Built  many  years  before  the 
outbreak  of  the  World  War,  it  is  probable  that  their  construction 
cost  per  horse-i>ower  at  the  switchboard  was  less  than  the  cheapest 
plan  of  developing  the  entire  head  would  now  afford.  It  is  therefore 
unlikely  that  these  two  plants  will  ever  be  abandoned.  As  they  dis- 
charge about  25,000  cubic  feet  per  second  into  the  Maid-of-the-Mist 
pool,  after  the  plans  recommended  by  us  have  been  completed,  the 
discharge  inunediately  below  the  falls  will  be  115,000  cubic  feet 
per  second.  Furthermore,  the  Niagara  Falls  Power  Co.  is  under- 
stood to  claim  the  legal  right  to  use  at  least  3,100  cubic  feet  per 
second,  and  possibly  7,500  cubic  feet  per  second  in  addition  to  the 
quantity  now  used  efficiently  by  its  station  No.  3,  and  to  be  planning 
to  develop  power  from  this  added  flow.  Ultimately,  therefore,  over 
30,000  cubic  feet  per  second  may  be  diverted  around  the  falls  and  de- 
veloped efficiently  under  the  head  of  220  pertaining  to  tlie  upper 
stage,  and  then  the  total  minimum  flow  of  the  Maid-of-the-Mist  pool 
will  be  about  120,000  cubic  feet  per  second.  As  90,000  cubic  feet  per 
second  is  necessary  for  scenic  effect  as  well  as  for  ice  discharge,  we 
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recommend  that  not  exceeding  30,000  cubic  feet  per  second  be  per- 
mitted to  be  diverted  farther  down  in  the  Maid-oi-the-Mist  pool  for 
the  development  of  the  second  stage  of  about  90  feet,  producing 
roundly  240,000  horsepower.  Such  a  diversion  is  now  permissible 
under  the  treaty,  and  we  recommend  that  it  be  made  at  the  earliest 
possible  moment,  for  the  demand  for  power  is  urgent,  and  the  de- 
velopment can  be  made  without  injury  to  the  scenic  beauty  of  the 
lower  gorge.  Construction  should  probably  be  under  a  pressure 
tunnel  plan,  and  would  require  not  less  than  two  years. 

105.  Certain  other  aspects  of  this  first  step  in  our  power  program 
are  of  interest.  The  best  plan  for  this  development  is  one  that  would 
allow  the  greatest  latitude  in  the  choice  of  licensee,  and  thereby  per- 
mit a  selection  most  favorable  to  the  public  interest.  The  ice  and 
other  difficulties  which  led  the  division  eng^ineer  to  prefer  the  "  com- 
pound two-stage  "  plan  are  not,  in  our  opinion,  sufficient  to  justify 
the  selection  oi  a  plan  that  limits  freedom  of  choice  of  licensee,  and 
involves  the  construction  of  an  extra  5,000  feet  of  tunnel,  costing  at 
least  $3,700,000  more  than  would  be  necessary  were  the  intake  placed 
in  thr^orge  at  an  appropriate  point  aWe  the  railroad  bndgee. 
The  division  engineer  has  estimated  the  cost  of  the  second  sta^e  of 
his  "compound  two-stage"  plan  as  $209  horsepower  for  a  diver- 
sion of  20,000  cubic  feet  per  second  producing  164,000  horsepower. 
Omitting  the  cost  of  5,000  feet  of  tunnel  and  of  certain  other  work 

Peculiar  to  the  "  compound  two-stage  "  plan,  the  cost  per  horsepowef 
ecomes  about  $185.  For  a  diversion  oi  30,000  cubic  feet  per  second, 
we  are  safe  in  assuming  the  cost  to  be  about  $150  per  horsepower. 
This  saving  on  cost  and  the  other  advantage  mentioned  above  justify 
us  in  recommending  that  this  diversion  from  the  lower  gorge  he  com- 
pletely independent  of  the  upper  stage. 

106.  Certain  objections  arise  in  connection  with  this  diversion, 
but  they  can  be  met.  Because  of  the  much  longer  tunnels  needed  in 
Canada,  it  is  evident  that  a  similar  development  there  could  be  made 
only  at  prohibitive  cost.  This,  added  to  the  fact  that  in  diverting 
30,000  cubic  feet  per  second,  we  are  taking  all  that  should  at  present 
be  taken  out  of  the  Maid-of-the-Mist  pool  direct,  might  cause  the 
feeling  in  Canada  that  we  are  getting  more  than  our  fair  share  of 
all  the  power.  The  point  is  perhaps  not  very  important,  but  it  might 
be  metT)y  offering,  as  an  equivalent,  the  cancellation  of  the  existing 
contract  for  50,000  horsepower,  more  or  less,  between  the  Ontario 
Power  Co.,  and  the  Niagara,  Lockport  &  Ontario  Power  Co.,  to  be 
available  for  use  in  Canada  as  soon  as  this  new  water  power  came 
into  operation  in  the  United  States.  To  enable  this  block  of  power 
to  be  released  to  Canada  would  require,  of  course,  that  suitable  ar- 
rangements be  made  with  the  Niagara,  Lockport  &  Ontario  Power 
Co.,  but  it  is  assumed  that  this  should  not  present  insuperable  ob- 
stacles. 

107.  Another  difficulty  is  financial.  This  new  development  will 
carry  a  construction  cost  of  $150  per  horsepower  at  the  switchboard, 
whereas  a  new  single-stage  development  would  probably  cost  from 
$80  to  $90,  and  the  existing  plants  have  probably  cost  less  than  these 
latter  figures.  In  a  normal  market  the  most  expensive  plant  might 
be  unable  to  compete  with  the  others,  and  it  might  therefore  be  hard 
to  finance,  but  as  conditions  now  are  it  should  be  comparatively 
easy  to  overcome  this  difficulty  and  thereby  to  attract  capital  for 
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this  devdopment.  Even  with  an  assured  construction  cost  of  $150 
per  horsepower,  it  should  be  possible  to  deliver  this  power  to  the 
consumers  at  $^  less  than  the  rate  now  charged  by  efficient  central 
steam  stations,  and  yet  to  earn  a  fair  profit  on  the  investment.  If 
we  arrange  to  charge  the  consumer  $10  more,  i.  e.,  to  reduce  his 
saving  to  about  $20  per  horsepower,  and  set  aside  this  $10  annually 
as  a  fund  to  amortize  the  excess  portion  of  the  construction  cost, 
at  the  end  of  four  or  five  years,  which  is  the  earliest  that  a  new 
single-stage  plant  could  come  into  operation,  the  accumulated  sur- 
charge would,  with  compound  interest,  reduce  the  original  capital 
cost  to  about  that  of  the  single-stage  plan.  Thereafter  this  proposed 
plant  and  the  new  single-stage  development  could  compete  on  equal 
terms,  provided  the  original  franchise  for  the  more  expensive  plant 
were  made  correspondingly  longer  than  that  of  the  single-stage 
plant. 

108.  In  making  this  suggestion,  we  are  taking  cognizance  of  the 
policv  laid  down  in  section  10  (a)  and  (^)  of  the  "Act  to  create 
a  Federal  power  commission,  etc.,"  having  in  mind  that  in  this  case 
the  franchise  would  be  of  unusual  value  due  to  the  constant  depend- 
able flow  and  to  proximity  to  a  market  having  a  large  unsatisfied 
demand  for  power  and  every  prospect  of  continued  growth. 

109.  The  danger  of  ice  interruption  to  a  plant  in  the  gorge  has 
been  touched  on  above.  Assuming  stable  and  solid  construction,  the 
worst  that  could  happen  would  be  that  for  a  greater  or  less  time 
the  supply  of  water  would  be  cut  off  and  it  would  therefore  be  im- 
possible to  generate  electrical  energv.  We  have  already  shown  that 
this  danger  would  be  minimized,  it  not  entirely  eliminated,  by  the 
proper  use  of  the  regulating  dam  at  Buffalo.  Any  interruptions 
would  probably  be  short,  and  during  this  time  essential  needs  might 
be  supplied  by  the  use  of  interconnections  of  liberal  capacity  be- 
tween the  power  stations  on  the  United  States  side.  It  would,  of 
course,  be  still  better  if  good  interconnection  could  also  be  ar- 
ranged with  the  Canadian  power  plants.  During  the  World  War 
it  became  necessary  for  the  Secretary  of  War  to  assume  charge 
of  aU  power  systems  at  Niagara  Falls  and  Buffalo  and  to  administer 
their  power  for  the  greatest  benefit  of  the  war  program.  Though 
nonessential  use  was  reduced  and  much  essential  use,  not  otherwise 
possible,  was  supplied  with  power  by  this  unified  control,  the  results 
would  have  been  far  better  had  ample  interconnections  then  existed 
between  the  four  principal  systems.  Such  interconnections  should 
now  be  planned,  and  before  new  diversions  are  authorized  the  Fed- 
eral Power  Commission  should  insure  their  installation,  as  well  as 
some  adequate  arrangement  for  unified  control,  during  emergencies, 
of  all  Nia!gara  power  and  its  allocation  under  some  proper  priority 
program  such  as  that  set  up  by  the  War  Industries  Board. 

110.  We  have  already  stated  that,  contingent  upon  prior  inter- 
national agreement  to  construct  the  regulating  dam  at  Buffalo,  the 
appropriation  of  the  necessary  funds  by  both  nations,  the  comple- 
tion of  definite  and  detailed  plans,  and  the  actual  letting  of  con- 
tracts for  the  entire  work,  we  recommend  the  diversion  of  20,000 
cubic  f e^  per  second  additional  in  the  United  States  and  4,000  cubic 
feet  per  second  additional  in  Canada.  Some  statement  of  our  views 
as  to  the  best  manner  of  utilizing  this  increase  is  therefore  undoubt- 
edly called   for.     We  agree  with  the  division  engineer  that  the 
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enlarged  Welland  Canal  will  for  manv  years  take  care  of  all 
demands  of  navigation  and,  as  he  has  shown  that  the  use  of  this 
20,000  cubic  feet  per  second  in  a  combined  power  and  navigation 
canal  would  cost  $20,000,000  more  than  a  separate  ship  canal  of 
suitable  dimensions  and  a  power  canal  for  the  above  volume  of 
water,  we  concur  in  his  view  that  the  construction  of  a  combined 
power  and  ship  canal  is  inadvisable.  We  also  are  of  the  opinion 
that  any  new  diversion  of  20,000  cubic  feet  per  second  in  the  United 
States  should  develop  the  full  head  of  310  teet  or  more. 

111.  The  division  engineer  estimates  that  for  an  assumed  diversion 
of  20,000  cubic  feet  per  second  developing  the  entire  head  of  310  feet 
or  more,  the  construction  cost  of  a  power  canal  would  be  $12.70  per 
horsepower  less  than  that  of  a  pressure  tunnel  development  and  $15.70 
per  horsepower  less  than  that  of  a  tailrace  tunnel  plan.    He,  however^ 
draws  attention  to  the  omission  of  certain  items  affecting  the  ultimate 
•cost  of  the  canal,  such  as  damages  to  real  estate,  interruptions  of  high- 
ways and  railroads,  as  well  as  the  difficulties  caused  to  the  sewage 
and  water  supply  systems  of  a  city  such  as  Niagara  Falls.    All  these 
would  add  greatly  to  the  final  cost  of  a  power  canal,  and  we  believe 
that,  in  the  end,  its  cost  would  fall  little  below  those  of  the  other 
two  types  of  development.    We  therefore  feel  that,  as  to  cost  alone, 
there  is  little  to  choose  between  them  and  that  choice  must  be  based 
on  other  considerations.    An  open  canal  5  miles  long  is  more  likely 
to  have  operating  troubles  due  to  the  formation  of  ice  in  its  channel 
than  either  type  of  tunnel.    The  conclusive  objection  to  this  type  of 
development  is  that  it  would  restrict  the  National  Government  in 
the  award  of  the  license  and,  as  a  result,  the  terms  secured  for  the 
public  might  not  be  as  favorable  as  would  result  from  the  adoption 
of  either  the  pressure  or  the  tailrace-tunnel  plan.    The  tailrace 
tunnel  seems,  on  the  whole,  to  ^ve  the  greatest  latitude  in  this 
regard,  and  as  its  power  house  is  nearer  the  probable  center   of 
demand  for  power,  thereby  reducing  transmission  losses  and  the  cost 
of  transmission  lines,  and  as,  further,  its  power  house  is  safer  from 
danger  of  damage  by  ice  gorges,  which,  though  slight,  in  the  lower 
gorge  may  at  extremely  long  intervals  prove  real,  we  recommend  the 
adoption  of  the  tailrace-tunnel  plan.    The  suggested  difficulty  as  to 
surges  and  vacuum  effects  in  a  long  tunnel  can  be  solved  by  provid- 
ing and  retaining  as  vents  a  sufficient  number  of  construction  shafts. 

112.  Assuming  that  the  conditions  antecedent  to  starting  the 
single-staffe  diversion  would  require  a  period  of  from  2  to  3  years 
for  their  fulfillment,  and  that  construction  work  would  take  4  years, 
at  the  end  of  about  7  years  from  the  commencement  of  negotiations 
there  would  be  available  in  the  United  States  240,000  horsepower 
from  the  lower  stage,  680,000  horsepower  from  the  single  stage,  and 
possibly  60,000  to  160,000  horsepower  from  the  upper  stage  develop- 
ment, a  total  of  880,000  to  970,000  horsepower,  which  would  save  at 
least  10,000,000  tons  of  coal  eaeh  year  and  possibly  $30,000,000  or 
more  in  the  cost  of  power. 

113.  Under  our  power  and  diversion  program  above  outlined, 
involving  the  ultimate  taking  of  80;000  to  100,000  cubic  feet  per  sec- 
ond, the  total  lowering  of  tne  Chippawa-Grass  Island  pool  would 
be  about  2  feet.  This  would  be  compensated  by  the  submerged  weir 
proposed  to  be  built  from  the  head  of  Goat  Island  to  the  Canadian 
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shore.     The  lowering  effect  on  Lake  Erie,  about  0.2;  foot,  would  be 
taken  care  of  by  the  regulating  dam  at  Buffalo. 

DIVERSIONS  FOR  SANITARY  PURPOSES. 

114.  Diversions  for  water-supply  and  sewage  purposes  have  already 
been  discussed  and,  with  the  exception  of  the  diversion  of  the  Chi- 
cago sanitary  district,  they  have  been  disposed  of.  We  therefore 
i-evert  to  this  important  permanent  diversion  at  Chicago.  The 
case  is  so  well  known  and  the  information  in  the  report  so  full  as 
to  call  for  little  further  discussion  of  its  merits.  Granting  that 
dis|x>sal  by  dilution  was  the  most  practicable  plan  at  the  time  of 
its  adoption,  the  fact  remains  that  the  Chicago  sanitary  district  has 
for  practically  20  years  been  on  notice  that  the  United  States  was 
unwilling  to  allow  the  district  to  divert  more  water  than  the  limit 
set  in  the  permit  of  1903^  namely,  4,167  cubic  feet  per  second.  Not- 
withstanding this,  the  district  has  since  then  greately  expanded  its 
boundaries  and  enlarged  its  plans,  and  from  year  to  year,  in  the 
face  of  the  opposition  of  the  United  States,  has  diverted  more  and 
more  water,  until  in  1917  the  yearly  average  diversion  was  8,800 
cubic  feet  per  second,  which  is  more  than  twice  the  lawful  amount. 

115.  The  district  can  no  longer  fairly  plead  the  absence  or  the 
impracticability  of  other  safer  methods  oi  handling  sewage  and  of 
protecting  its  people  from  water-borne  diseases.  Certainly,  for  the 
past  20  years,  expert  opinion  has  held  disposal  by  dilution  to  be 
inferior  to  other  methods  of  treating  sewage,  and  enlightened  public 
opinion  has  condemned  a  policy  which,  in  effect,  is  the  transfer  of  a 
nuisance  from  our  own  front  door  to  that  of  our  neighbor.  Large 
cities  on  the  Great  Lakes  cannot  safely  drink  raw  lake  water,  nor 
should  they  discharge  unscreened  and  unfiltered  sewage  either  into 
the  lakes  or  into  tributary  streams.  In  1915,  the  Chicago  Real  Estate 
Board  employed  three  experts,  of  whom  two  were  of  acknowledged 
eminence  in  England,  and  the  third  a  New  York  expert  of  well- 
known  authority,  to  investigate  the  sewage  problem  of  Chicago  and 
to  present  their  views  as  to  the  best  way  of  solving  it.  Their  report 
entitled  "A  Beport  to  the  Chicago  Real  Estate  Board  on  the  Disposal 
of  the  Sewage  and  the  Protection  of  the  Water  Supply  of  Chicago, 
Illinois,"  by  Messrs.  Soper,  Watson,  and  Martin,  has  been  printed, 
and  its  conclusions  are,  therefore,  well  known  to  the  public  in  gen- 
eral, and  particularly  to  the  people  of  Chicago  whom  they  advised 
substantially  in  accordance  with  the  views  above  expressed.  Chicago 
is,  therefore,  debarred  from  any  claim  for  indulgence  as  to  work 
done  and  expenditures  incurred  m  recent  years.  If,  in  defiance  of  the 
opposition  of  the  Government,  and  in  open  disregard  of  the  law, 
the  officials  of  the  Chicago  sanitary  district  have  continued  to  ex- 
pend the  money  of  their  constituents  in  the  prosecution  of  unwise 
and  illegal  plans,  these  officials  and  their  constituency  are  to  blame, 
and  they  should  expect  no  great  indulgence  from  the  general  public 
whose  government  they  have  ignored  and  whose  interests  they  have 
disregarded. 

116.  Quite  recently,  at  the  end  of  many  years  of  delay,  a  decision 
in  the  suit  of  the  United  States  to  restrain  the  sanitary  district 
from  the  diversion  of  more  water  than  was  authorized  in  its  permit 
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of  1903j  has  been  made  public.  As  was  eicpected,  the  judge  has  felt 
constrained  to  uphold  the  authority  of  the  United  States,  but  it  is  not 
believed  that  any  injunction  has  issued  against  the  district.  Also, 
recently,  the  district,  as  noticed  earlier  in  this  report,  has  admitted 
the  damage  done  to  navigation  by  the  diversion  at  Chicago,  and  is 
understood  to  be  prepared  to  install  and  pay  for  remedial  works, 
contingent  upon  the  grant  by  the  United  States  of  authority  per- 
manently to  divert  10,000  cubic  feet  per  second.  The  views  of  the 
division  engineer  as  to  this  matter  are  summarized  in  paragraph 
183(2)  of  his  report.  We  agree  with  him  except  that  we  believe 
that  the  diversion  should  be  limited  to  6,800  cubic  feet  per  second, 
and  that,  as  the  use  of  the  water  for  developing  power  is  more  or  less 
an  incident  to  its  use  for  dilution,  we  regard  as  inadvisable  the  tax 
that  he  proposes,  though  we  concede  that  such  a  tax  would  be  equi- 
table. It  would,  however,  be  difficult  to  assess  correctly  and  it  might 
prove  onerous.  Apparently,  the  public  interest  would  be  sufficiently 
satisfied  were  assurance  given  that  all  the  power  derived  from  this 
diverted  water,  a  possible  70,000  to  80,000  horsepower,  would  be 
conserved  and  administered  for  the  benefit  of  the  people  of  Illinois, 
and  therefore  not  alienated  to  any  individual  or  corporation  oper- 
ating solely  for  private  profit.  His  recommendations  that  the  diver- 
sion shall  DC  supervised  by  the  United  Statea  at  the  expense  of  the 
sanitary  district,  and  that  provision  be  made  at  the  earliest  moment 
for  the  installation  of  a  method  of  sewage  disposal  other  than  by 
dilution,  are  excellent,  and  we  concur  in  them.  We  believe,  further, 
that  the  Chicago  water  supj^y  should  receive  such  treatment  as  will 
render  it  at  all  times  safe.  The  diversion  above  recommended  would 
permit  2,000  cubic  feet  per  second  to  be  taken  by  way  of  the  Calumet 
Kiver,  4,800  cubic  feet  per  second  by  the  Chicago  Kiver,  and  allow 
the  operation  of  all  power-generating  machinery  now  installed  at 
Lockport,  111.  It  would  also  aflford  the  statutory  dilution  of  3^  cubic 
feet  per  second  per  1,000  of  population  for  a  total  of  2,100,000  people. 

OTHER   SUBJECTS. 

117.  Since  the  division  engineer's  report  was  submitted,  the  "  act 
to  create  a  Federal  power  commission,  etc.,"  has  been  passed  by  Con- 
gress and  approved  b^  the  President.  Its  provisions  will  therefore 
govern  the  issue  of  licenses  for  existing  or  future  diversions  from 
tne  Great  Lakes  for  power  purposes.  Section  7  of  this  act  indicates 
the  will  of  Congress  as  to  the  choice  of  licensees  and  req^uires  that 
preference  be  given  to  applications  made  by  States  or  municipalities. 
Without  attempting  to  forestall  the  action  of  the  Federal  power 
commission,  the  record  shows  that  the  city  of  Buffalo  contemplates 
making  application  for  a  license  to  divert  water  for  power  purposes 
from  the  Niagara  River.  In  this  connection  it  should  be  said  that 
the  amount  oi  central  station  electric  power  now  used  within  the  city 
limits  of  Buffalo  is  about  250,000  horsepower,  and  the  growth  of  the 
next  five  years  may  be  somewhat  liberally  figured  at  100,000  horse- 
power. Beyond  that  time  growth  is  more  or  less  problematical,  but 
it  is  fairly  certain  that  a  long  time  would  elapse  beiore  Buffalo  would 
be-  able  to  absorb  as  much  as  300,000  additional  horsepower,  the 
amount  of  energy  from  a  single-stage  development  of  a  diversion 
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of  10,000  cubic  feet  per  second.  Such  a  development  would  be  con- 
siderably less  economical  than  one  of  20,000  cubic  feet  jper  second 
capacity,  and,  in  the  ^neral  interest,  rather  than  authorize  a  small 
and  relatiYdy  expensive  project  for  the  sole  berefit  of  Buffalo,  it 
would  be  wiser  to  satisfy  the  needs  of  Buffalo,  "vhile,  at  the  same 
time,  permitting  development  to  be  made  upon  an  economical  scale. 
A  partnership  arrangement  mi^ht  not  prove  out  of  question,  under 
which  private  interests  could  join  the  city  in  making  a  single  large 
new  dereiopment  of,  say,  20,000  cubic  feet  per  second. 

118.  We  have  hitherto  said  nothing  about  the  uses  to  which  power 
hereafter  to  be  developed  should  be  put.  This  is  a  matter  that  prob* 
ably  sliould  be  dealt  with  by  others,  but,  as  some  discussion  of  it  has 
taken  place,  it  seems  permissible  to  indicate  our  belief  that  the  elec- 
trocheaDLical  industries  should  by  no  means  be  permitted  to  monopo- 
lize any  increase  to  the  detriment  of  the  general  user.  In  our  opinion, 
care  should  be  taken  to  see  that  small  factories  and  other  similar 
demand  from  the  general  public  will  be  supplied,  and  that  reasonable 
future  increase  in  this  kind  of  load  will  be  cared  for.  When  this 
has  been  done,  any  balance  may,  under  contracts  reserving  the  right 
to  reduce  the  supply  in  favor  oi  general  needs,  be  assigned  to  electro- 
chemical uses.  J3y  this  policy  profitable  employment  is  assured  for 
a  much  larger  population  than  would  be  possible  were  electrochemi- 
cal use  given  preference.  The  electrification  of  railways  should  also 
be  given  precedence  over  any  larse  electrochemical  demand. 

119.  We  have  recommended  that  30,000  cubic  feet  per  second  be 
diverted  from  the  lower  gorge  immediately,  and  that  24,000  cubic 
feet  per  second  additional  be  diverted  from  above  the  falls  as  soon 
as  the  existing  treaty  has  been  amended  and  certain  conditions  as  to 
the  regulating  dam  at  Buffalo  have  been  met.  Subject  to  such  tem- 
porary restrictions  as  may,  durine  severe  winters,  prove  necessary, 
we  brieve  that  these  limits  should  be  regarded  as  daily  averages, 
and  that  it  would  be  desirable  to  take  notice  of  peak  loaas  and  load 
factors,  thereby  affording  the  most  economical  use  of  all  diverted 
water.  To  enable  this  to  be  done,  a  unified  control  and  supervision 
constantly  in  close  touch  with  all  conditions  should  be  installed,  and 
the  load  factors  affecting  diversions  should  be  fixed  as  conditions 
from  time  to  time  indicate. 

120.  Liberal  interconnections  between  all  power  stations  have  been 
shown  to  be  indispensable,  and  every  license  should  make  elastic 
provisions  for  their  installation.  These  interconnections  will  facili- 
tate the  unified  control  above  suggested.  Their  capacity  can  be  fixed 
only  by  a  careful  survey  of  the  tributary  territory  and  its  power  de- 
mand, and  this  may  well  be  deferred  until  these  matters  come  before 
the  Federal  power  commission. 

121.  The  immediately  preceding  paragraphs  show  that,  in  reality, 
the  division  engineer  is  correct  when  he  states  in  his  paragraphs  179 
and  180  that  the  water  power  of  the  Niagara  Kiver  is  a  monopoly. 
In  many  essentials,  it  is  a  monopoly,  and  our  recommendation  of 
unified  control  contemplates  the  reco^ition  of  its  monopolistic  char- 
acter, and  the  exercise  by  the  Umted  States  of  sucn  restrictive 
powers  as  are  thereby  made  advisable.  We,  therefore,  feel  that  the 
objection  raised  by  certain  interests  to  this  portion  of  the  division 
engineers  rei>ort  is  adequately  met  not  only  by  him,  but  also  by  the 
precautions  above  suggested  by  us. 
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122.  We  have  above  stated  that  in  considering  the  various  uses 
and  effects  of  diversions  from  the  Great  Lakes,  they  should  be  ar- 
ranged in  the  following  order  of  value  and  importance :  Navigation, 
scenic  beauty,  and  power.  We  have  also  reported  that  diversions  for 
legitimate  sanitary  purposes  consume  so  little  water  that  there  need 
be  no  restriction  on  them,  but  this  statement  does  not  apply  to  the 
Chicago  diversion.  For  the  benefit  of  navigation,  we  have  recom- 
mended the  immediate  construction  by  international  agreement  of  a 
regulating  dam  at  Buffalo  to  cost  about  $8,000,000.  This  dam  would 
equalize  the  discharge  of  Lake  Erie  and  raise  its  level  more  than 
it  has  been,  or  is  likely  to  be,  lowered  by  diversions  from  the  Great 
Lakes  system,  and  it  would  also  restore  the  depths  of  the  Detroit 
Biver.  At  such  later  time  as  may  prove  necessary,  we  recommend 
dredging  in  Lake  St.  Clair,  and  a  system  of  submerged  weirs,  at  a 
total  cost  of  $2,160,000,  these  requiring  also  international  action  and 
being  intended  to  repair  damage  done  to  Lake  St.  Clair,  the  St. 
Clair  River,  and  Lakes  Huron  and  Michigan.  For  the  preservation 
and  betterment  of  scenic  beauty  of  the  Niagara  River,  we  are  recom- 
mending a  submerged  distributing  weir  built  in  the  dry  above  the 
Horseshoe,  and  the  removal  of  portions  of  its  rocky  crest  and  bed. 
This  work  also  requires  international  agreement,  and  it  should  not 
be  executed  until  the  regulating  dam  at  Buffalo  has  been  put  in 
operation.  We  also  recommend  a  submerged  weir  from  the  head  of 
Goat  Island  to  the  Canadian  shore.  This  wiU  protect  and  increase 
the  discharge  of  the  American  Fall,  and  will  also  restore  the  level  of 
the  Chippawa-Grass  Island  pool,  which  would  otherwise  be  con- 
siderably \owered  by  the  power  diversions  we  now  recommend. 
While  this  submerged  dam  really  helps  navigation,  we  charge  its  cost 
and  that  of  the  distributing  weir  to  scenic  beauty.  Their  total  cost 
would  be  $6,000,000.  For  the  improvement  of  the  power  supply,  we 
reconmiend  the  immediate  diversion  and  development  of  30,000  cubic 
feet  per  second  from  the  Maid-of-the-Mist  pool.  The  head  is  about 
90  feet  and  the  power  output  about  240,000  horsepower,  costing  about 
$150  per  horsepower  in  the  bus  bar.  Contingent  on  the  conclusion 
of  an  international  agreement  and  contracts  for  the  reflating  dam 
at  Buffalo,  we  also  recommend  that  additional  diversions  ot  4,000 
cubic  feet  per  second  in  Canada,  and  20,000  cubic  feet  per  second 
in  the  United  States,  be  authorized,  the  diversion  in  the  United  States 
to  develop  about  600,000  horsepower,  under  the  full  head  available 
between  the  Chippawa-Grass  Island  pool  and  the  lower  river  near 
Lewiston,  at  an  estimated  cost  of  $80  to  $90  per  horsepower.  We 
also  recommend  that  this  diversion  be  not  divided  between  several 
licensees,  but  that  contending  interests  be  taken  care  of  under  some 
form  of  partnership  arrangement.  Finally,  as  to  power  diversions, 
we  state  that  the  limit  may  probably  eventually  be  raised  to  between 
100,000  and  110,000  cubic  feet  per  second,  the  increase  being  de- 
pendent on  the  measure  of  success  attained  in  operating  the  re^ilat- 
ing  dam  at  Buffalo.  As  to  the  diversion  at  Chicago,  we  are  recom- 
mending that  the  existing  permit  for  250,000  cubic  leet  per  minute 
be  replaced  by  one  for  408,000  or  6,800  cubic  feet  per  second,  and  that 
the  Chicago  Sanitary  District,  and  the  City  of  Chicago  be  required 
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to  provide  appropriate  treatment  for  both  sewage  and  drinking 
water. 

123.  The  public  need  for  better  navigation  and  for  a  greater  supply 
of  water  power,  and  the  value  of  improved  navigation,  scenic  beauty, 
and  enlarged  power  supply,  are  so  very  great  that  we  ur^  that  the 
promptest  action  be  taken  to  enable  our  recommendations  to  be 
placed  in  effect.  We  especially  urge  that  negotiations  be  at  once 
undertaken  looking  toward  the  amendment  of  the  existing  treaty. 

124.  The  division  engineer  has  recommended  certain  changes  in 
the  treaty  with  Grreat  Britain,  proclaimed  May  13,  1910.  Except 
as  modified  in  our  recommendations  already  made,  we  agree  with 
his  views.  The  changes  proposed  in  his  (1),  (2),  and  (8)  should 
be  made.  The  change  suggested  in  (3)  should  be  amplified  by  adding 
the  words  ^^  so  as  to  limit  it  to  a  daily  rate  not  exceeding  30,000 
cubic  feet  per  second,  until  such  time  as  further  observations  may 
indicate  that  this  amount  may  be  exceeded  without  detriment  to  the 
scenic  beauty  and  the  ice-discharging  capacity  of  the  Niagara  Kiver 
below  the  Falls."  The  modification  suggested  in  (4)  should  be  based 
npon  the  navigation  and  power  program  recommended  by  us,  namely, 
an  immediate  agreement  as  to  the  regulating  dam  at  Buffalo,  prompt 
arrangements  for  its  definite  design,  and  joint  financial  provisions 
for  its  construction  under  an  appropriate  contract.  The  remedial 
works  above  the  Horseshoe  Falls,  and  the  compensating  weirs  at 
the  head  of  Goat  Island  and  in  the  upper  St.  Clair  River,  and  the 
dredging  in  Lake  St.  Clair  should  be  covered  by  the  same  agreement, 
but  work  on  them  should  not  begin  until  after  the  regulating  dam 
has  been  completed.  No  definite  limit  should  be  set  upon  the  critical 
discharge  over  the  Falls  and  the  amount  of  water  permitted  to  be 
diverted  other  than  to  state  that  the  remedial  works  should  be  de- 
signed so  as  to  afford  the  maximum  attainable  scenic  beauty,  in  our 
opinion  corresponding  to  an  ultimate  diversion  of  100,000  to  110,000 
cubic  feet  per  second. 

125.  The  limits  set  in  (5)  accord  with  our  views  as  to  what  may  be 
diverted  after  definite  provisions  have  been  made  for  the  construc- 
tion of  the  regulating  dam  at  Buffalo,  but  we  believe  that  it  will 
eventually  be  found  desirable  to  increase  these  diversions.  Accord- 
ii^gly?  (^)  should  be  amended  by  inserting  the  words  "  whenever 
joint  arrangements  for  the  regulating  dam  at  Buffalo  have  been  com- 
pleted, fimds  appropriated,  and  contracts  for  the  construction  of 
the  dam  entered  into,^'  to  follow  the  initial  word  "  That."  The  words 
"  These  diversions  may  be  further  increased  as  provided  in  (8)  here- 
after "  should  be  added  at  the  end  of  (5). 

126.  The  proposal  of  (6)  will  also  require  modification  to  make  it 
accord  with  our  power  plan.  This  may  be  effected  by  substituting  the 
opening  words,  "  That  not  less  than  30,000  cubic  feet  per  second  of 
the  water  so  diverted  shall  be  returned,  etc."  The  remainder  of  the 
provision  may  remain  unchanged. 

127.  We  have  already  recommended  suitable  provision  for  making 
allowance  for  peak  loads  and  the  load  factor.  The  change  proposed 
in  (7)  is  out  of  harmony  with  our  recommendations  and  we  suggest 
the  following:  "(7)  That  the  limits  above  given  be  understood  to 
be  daily  rates  of  cUversion  corresponding  to  the  load  factors  char- 
acterizing each  individual  power  station.     Whenever  ice  or  other 
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conditions  render  restrictions  necessary  in  the  public  interest,  steps 
may  be  taken  by  the  high  contracting  parties,  either  jointly  or 
severally,  to  reduce  all  or  any  authorized  diversions  until  such  time 
as  the  emergency  is  considered  to  have  passed." 

128.  As  to  the  use  of  diversions,  as  recommended  by  the  division 
engineer  and  quoted  verbatim  in  paragraph  67  under  the  caption 
"  Eecommended  use  of  diversions,"  we  agree  with  the  division  engi- 
neer's views  as  expressed  in  (1),  (3),  (4),  (5),  and  (6).  We  have 
indicated  in  the  preceding  paragraph  and  in  the  general  discussion 
the  extent  to  which  we  diner  from  (7)  and  (8),  and  nothing  further 
as  to  them  seems  called  for.  As  to  (2),  relating  to  the  Chicago 
sanitary  diversion,  we  believe  that  the  maximum  should  be  6,800 
cubic  feet  per  second,  and  that  the  provision  for  exacting  payment 
is  inexpedient.  Otherwise,  we  agree  with  the  division  engmeer's 
recommendations  as  to  Chicago. 

129.  In  closing,  we  desire  again  to  express  our  opinion  that  the 
report  is  of  great  and  permanent  value.  We,  therefore,  recommend 
that  it  be  printed  in  its  entirety  and  that  all  inclosures  and  illustra- 
tions be  reproduced,  except  Appendix  I,  which  has  already  been 
printed  in  connection  with  hearings  held  in  1918  before  the  House 
Committee  on  Foreign  Affairs. 

For  the  board: 

H.  Taylor, 
Brigadier  General^  United  States  Army^ 

Senior  Member  of  the  Soard, 


REPORT  ON  INVESTIGATION  OF  WATER  DIVERSION  FROM 
GREAT  LAKES  AND  NIAGARA  RIVER. 

[By  GoL  J.  O.  Wabxin,  Corpi  of  Bngineen,  U.  8.  Army.] 


War  Depabtkent, 
Office  of  the  Division  Engineer  Lakes  Division, 

Buifdlo,  N.  r.,  August  SO,  1919. 

From :  The  Division  Engineer,  Lakes  Division. 
To:  Chief  of  Engineers,  United  States  Army,  Washington,  D.  C. 
Subject:  Report  on  Investigation  of  water  diversion  from  Great 
Lakes  and  Niagara  Biver,  N.  Y. 

There  is  submitted  herewith  report  on  investigation  of  water  diver- 
sion from  Great  Lakes  and  Niagara  River  as  directed  by  the  Chief 
of  Engineers,  United  States  Army,  together  with  eight  appendices 
which  treat  of  various  items  of  the  investigation  in  greater  detail. 
Appendices  A,  B,  D,  E,  F,  and  G,  contain  the  eight  sections  of  a 
report  of  W.  S.  Richmond,  assistant  engineer,  on  Tnvestigation  of 
water  diversion  from  Great  Lakes  and  Nia^ra  River.  Appendix  C 
is  a  report  of  First  Lieut.  Albert  B.  Jones,  Engineers,  United  States 
Armv,  on  preservation  of  scenic  beauty  of  Niagara  Falls  and  of  the 
rapids  of  Niagara  River.  Appendix  I  is  copy  of  interim  report 
submitted  March  2,  1918. 

J.  G.  Warren, 
Colonel,  Corps  of  Engineers,  United  States  Army, 


investigation  of  water  diversion  from  the  great  lakes 

and   NIAGARA   RIVER. 

1.  Introductory. — ^The  following  report  covers  an  investigation 
into  the  matter  or  water  diversion  from  the  Great  Lakes  and  Niagara 
River.  The  duty  of  making  this  investigation  and  report  was 
assigned  to  me  by  letter  of  the  Chief  of  Engineers  dated  July  20, 1917 
(E.  JD.  57243),  m  pursuance  of  public  resolution  No.  8,  Sixty-fifth 
Congress,  which  is  as  follows : 

Resolved  by  the  Senate  and  House  of  Representatives  of  the  United  States 
of  America  in  Congress  assembled.  That  public  resolution  numbered  45  of  the 
Sixty-fourth  Congress,  approved  January  19,  1917,  entitled  "Joint  resolution 
auUiorizing  the  Secretary  of  War  to  issue  permits  for  additional  diversion  of 
water  from  the  Niagara  River,"  is  continued  in  full  force  and  effect,  and  under 
the  same  conditions,  restrictions,  and  limitations,  until  July  1.  1918 :  Provided, 
That  the  Secretary  of  War  is  hereby  authorized  and  directed  to  make  a  com- 
prehensive and  thorough  investigation,  including  all  necessary  surveys  and 
maps,  of  the  entire  subject  of  water  diversion  from  the  Great  Lakes  and  the 
Niagara  River,  including  navigation,  sanitary,  and  power  purposes,  and  the 
preservation  of  the  scenic  beauty  of  Niagara  Falls  and  the  rapids  of  Niagara 
River,  and  to  report  to  Congress  thereon  at  the  earliest  practicable  date.  To 
carry  out  the  provisions  of  this  proviso,  there  is  hereby  appropriated,  out  of 
any  money  in  the  Treasury  not  otherwise  appropriated,  the  sum  of  $25,000. 

2.  Progress  of  the  investigation, — The  investigation  was  rotten 
under  way  as  promptly  as  practicable  and  has  been  prosecuted  with 
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diligence.  A  considerable  amount  of  field  work  required  in  the 
vicinity  of  Niagara  Falls  was  completed  in  February,  1918.  Other 
field  work  was  of  minor  importance.  The  office  work  which  included 
reductions  of  field  data,  the  analysis  and  bringing  up  to  date  of  the 
great  amount  of  existing  data,  preparation  of  maps,  profiles  and 
aiagrams,  studies  of  the  engineering  matters  involved,  making  de- 
signs and  estimates  of  proposed  works,  and  preparation  of  the  report, 
has  proved  a  task  far  greater  than  had  been  anticipated,  and  the  sub- 
mission of  the  final  report  has  been  consequently  delayed.  A  de- 
scription of  the  field  and  office  work  is  given  m  Appendix  B. 

3.  Interim  report, — In  compliance  with  instructions  from  the  Chief 
of  Engineers  an  interim  report  was  submitted  on  March  2,  1918.  In 
it  certain  facts  were  pointed  out  and  conclusions  presented.  It  is 
important  to  note  that  the  subsequent  work  of  the  investigation  con- 
firms in  every  important  detail  the  recommendations  and  conclusions 
therein  contained.  This  report,  together  with  the  action  of  the  de- 
partment thereon,  is  printed  in  Appendix  I.^ 

4.  Scope  of  the  investigation. — The  general  scope  of  the  investiga- 
tion was  indicated  approximately  in  the  interim  report  by  an  outline 
of  subjects  and  topics  given  in  the  third  paragraph.  In  preparing 
the  final  report  this  outline  has  been  adhered  to  in  general,  although 
minor  changes  in  topics  and  sequence  of  subjects  have  been  found 
advantageous.  In  the  appendices  will  be  found  a  treatment  of  each 
topic  and  subject  in  as  great  detail  as  is  considered  essential  to  a 
clear  and  comprehensive  exposition,  without  elaborating  historical, 
technical,  or  legal  details  held  to  be  immaterial,  and  without  any 
attempt  to  exhaust  the  subject  matter.  All  diversions  of  water  from 
the  Great  Lakes  Basin  of  sufficient  magnitude  to  be  considered  worthy 
of  mention  have  been  included,  whether  for  navigation,  sanitary,  or 
power  purposes,  the  character,  quantity,  and  effect  of  each  being 
stated.  The  Niagara  diversions  are  dwelt  upon  with  special  em- 
phasis, consideration  in  detail  being  given  to  the  subjects  of  preser- 
vation of  the  scenic  beauty  of  the  Falls  and  rapids  of  Niagara  River 
and  of  further  development  of  water  power. 

6.  Extent  of  territory  involved, — ^The  territory  involved  in  a  com- 
prehensive consideration  of  these  diversions  is  the  entire  drainage 
area  or  basin  of  the  Great  Lakes  above  St.  Regis,  N.  Y.,  66  miles  above 
Montreal,  the  place  at  which  the  St.  Lawrence  River  passes  entirely 
into  Canada.  This  area  is  approximately  300,000  square  miles,  of 
which  59.5  per  cent  lies  on  the  United  States  side  of  the  International 
boundary  line.  The  total  area  is  somewhat  larger  than  that  of  Texas 
and  about  one  and  one-half  times  the  size  of  France.  The  land  area 
on  the  United  States  side  is  greater  than  the  combined  area  of  the 
New  England  States  and  New  York  State.  It  includes  practically 
all  the  State  of  Michigan  and  portions  of  Minnesota,  Wisconsin, 
Illinois,  Indiana,  Ohio,  Pennsylvania,  and  New  York.  The  land  area 
on  the  Canadian  side  comprises  a  large  part  of  the  Province  of 
Ontario.  The  water  surface  area  alone  is  95,205  square  miles,  and 
60,975  square  miles  of  this,  or  64  per  cent,  is  in  the  United  States. 
The  main  shore  line  involved  exceeds  8,300  miles  in  length. 

6.  Population  of  the  hasin. — The  population  of  the  basin  area  is 
estimated  to  be  15,000,000,  of  whom  about  2,000,000  are  in  Canada. 

1  Omitted ;  see  par.  129.  p.  60  of  this  document  Appendix  I  was  printed  in  Part  2 
of  Hearings  before  the  Committee  on  Foreign  Affairs,  Honse  of  Representatiyes,  65tn 
Cong.,  2d  sees.,  on  H.  R.  11871,  relative  to  "  Diversion  of  water  from  Niagara  River." 
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At  least  16  cities  of  over  50,000  population  each  are  located  within 
its  boundaries. 

7.  Water  power  of  the  basin, — ^The  total  developable  water  power 
of  the  basin  is  estimated  at  10,000,000  horsepower,  far  more  than  half 
of  which  is  in  the  United  States.  The  water  power  already  developed 
within  this  area  is,  roughly,  1,000,000  horsepower  in  the  United 
States  and  1,500,000  horsepower  in  Canada. 

8.  Lake  eom/merce  of  the  basin. — The  lake  commerce  in  1917  was 
carried  in  more  than  1,000  vessels  of  an  average  registered  tonnage 
exceeding  2,000  tons  each,  about  90  per  cent  of  the  vessels  having  a 
registered  tonnage  of  over  100  tons,  while  41  vessels  had  a  dead 
weight  tonnage  of  13,000  tons  or  more.  The  maximmn  length  of 
freight  steamer  was  625  feet,  maximum  beam  64.2  feet,  and  maxi- 
mum draft  used,  21.9  feet.  The  total'  freight  passing  through  De- 
troit Biver  during  the  navigation  season  of  1917  was  95,000,000  tons, 
valued  at  approxmiately  one  and  one-quarter  billion  dollars.  There 
is  a  not  inconsiderable  lake  commerce  which  does  not  pass  through 
Detroit  River.  The  length  of  steamer  track  from  Montreal  to  Duluth 
is  1,340  miles,  and  from  Montreal  to  Chicago  it  is  1,260  miles. 

9.  Maps  of  Greoit  Lakes  Basin, — ^The  drainage  area  under  con- 
sideration is  depicted  on  Plate  No.  1,  on  which  are  shown  the  out- 
lines of  the  Great  Lakes  and  connecting  and  outflow  rivers,  the  out- 
line of  the  entire  basin  of  the  Great  Lakes  above  St.  Segis,  the  out- 
line of  the  drainage  basin  of  each  individual  lake,  the  international 
boundary  line  through  the  lakes,  and  the  general  locations  of  water- 
ways through  which  water  is  diverted  from  the  Great  Lakes,  or 
tributaries  of  the  Great  Lakes,  together  with  other  data  of  a  general 
character.  Plate  No.  12  is  reproduced  from  Plate  2  of  the  report  of 
1897  of  the  first  Deep  Waterways  Commission,  published  as  House 
of  Representatives  I)ocument  No.  192,  54th  Congress,  2d  session. 

10.  Diversion  of  Great  Lakes  waters. — ^In  Appendix  A  is  a  treat- 
ment in  some  detail  of  diversions  of  waters  of  the  Great  Lakes 
Basin,  separated  into  three  sections,  (a)  navigation,  (b)  sanitation, 
and  (c)  power  development.  Some  diversions  pertain  to  only  one 
of  these  uses,  some  to  two,  and  others  to  all  three.  In  Appendix  A, 
where  they  pertain  to  two  or  three  uses  they  are  treated  under  each 
division  concerned,  the  remarks  in  each  case  bein^  confined  in  so  far 
as  practicable  to  the  particular  use  under  consideration,  and  each 
diversion  is  described  upon  its  first  mention.  For  brevity  in  the 
following  paragraphs  the  diversions  at  each  locality  will  be  described 
in  turn,  all  diversions  at  the  locality  beinjg  considered  simultaneously, 
whether  for  use  of  navigation,  sanitation,  or  power  development. 
Attention  is  directed  to  the  maps  and  photographs  accompanying 
Appendix  A. 

11.  Diversions  at  St,  Marys  Falls. — The  average  volume  of  flow 
of  St.  Marys  River  is  approximately  76,000  cubic  feet  per  second. 
The  drop  in  water  level  from  Lake  Superior  to  Lake  Huron  averages 
20.7  feet  over  a  period  of  years,  19.4  feet  of  this  occurring  in  a  rapids 
three-fourths  mile  long  abreast  the  city  of  Sault  Ste.  Marie,  Mich. 
There  is  one  ship  lock  on  the  Canadian  side,  and  there  are  four  on  the 
American  side,  the  fourth  lock  being  under  construction  and  not 
qaite  complete.  There  are  three  power  developments,  one  on  each 
side  of  the  river  involving  a  power  canal,  and  one  in  the  rapids  on 
the  American  side.  The  water  diverted  is  about  as  set  down  in 
Table  No.  1. 
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Table  No.  1. — Diversions  at  8t  Marys  Falls. 

(Cubic  feet  per  second.] 


Use. 

United  States. 

Canada. 

Total. 

Navigation 

800 
31,000 

200 
13,000 

1,000 

Power  development 

48,000 

Total 

81,800 

13,200 

HOOO 

In  each  case  the  water  diverted  is  returned  to  the  river  in  a  distance 
of  2^  miles  or  less  from  the  point  of  diversion.  It  is  estimated  that 
the  fourth  lock  will  require  an  average  consumption  of  350  cubic 
feet  of  water  per  second.  These  locks  require  somewhat  more  water 
than  shown  in  the  table  during  the  open  season  of  navigation  and 
far  less  during  the  closed  season. 

12.  The  necessary  controlling  works  for  maintaining  the  level  of 
Lake  Superior  are  partly  built  and  partly  under  construction.  They 
are  described  in  Appendix  E.  The  operation  of  these  works,  and 
supervision  of  the  diversions,  are  vested  in  a  local  board  of  control 
established  pursuant  to  recommendation  of  the  International  Joint 
Commission. 

13.  Di/versian  through  the  lUinois  <&  Michigan  Canal, — ^The  Illinois 
&  Michigan  Canal  extends  from  Chicago  to  La  Salle,  111.  For  the 
past  few  years  there  has  been  no  direct  diversion  of  Great  Lakes 
waters  through  this  canal,  because  the  connection  ^vith  Chicago  Kiver 
has  been  closed  up.  A  small  part  of  the  water  diverted  from  Lake 
Michigan  through  the  Chicago  Drainage  Canal  enters  the  Illinois  & 
Michigan  Canal  at  Joliet,  111.  This  quantity  varies  from  practically 
nothing  at  moderate  to  high  stages  of  the  Des  Plaines  River  to  neariy 
550  cubic  feet  per  second  at  verv  low  stages  of  this  river.  Of  this 
amount  only  a  trifle  is  used  locking  boats,  an  average  of  about  40 
cubic  feet  per  second  is  used  for  power  development  at  Ottawa,  111., 
and  the  rest  is  expended  in  minor  manufacturing  uses  and  in  seepage, 
evaporation,  and  waste. 

14.  Diversion  throuah  Chicaoo  Drainage  Canal. — ^The  Chicago 
Drainage  Canal  extenas  from  Chicago  to  Joliet,  111.,  connecting  the 
south  branch  of  the  Chicago  Kiver  with  the  Des  Plaines  River.  The 
diversion  from  Lake  Michigan  through  this  canal  averaged  8,800 
cubic  feet  per  second  in  1917,  daily  averages  running  as  high  as 
10,000.  The  entire  diversion  was  used  for  sanitary  purposes.  As 
a  secondary  matter  a  large  portion  of  this  water  is  used  at  Lockport, 
HI.,  to  develop  power  under  a  head  averaging  34  feet.  The  quantity 
so  used  in  191y  averaged  6,800  cubic  feet  per  second. 

15.  It  is  estimated  that  500  cubic  feet  per  second  would  be  ample 
to  serve  any  navigation  requirements  of  the  present  canal.  Should 
the  Des  Flames  and  Illinois  Rivers  be  improved  to  accommodate  navi- 
gation of  8-foot  draft  to  the  Mississippi,  a  diversion  of  1,000  cubic 
feet  per  second  might  be  required  to  meet  the  needs  of  navigation 
only.  The  present  use  of  the  canal  for  navigation  is  very  small,  there 
having  been  only  160  lockages  at  the  power  house  in  1917,  the  largest 
boat  locked  through  being  75  feet  long. 

16.  Excavation  of  the  drainage  canal  was  commenced  in  September, 
1892.    The  Sanitary  District  of  Chicago,  a  corporation  created  by  the 
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State  of  niinois  to  carry  on  this  work  and  proyide  for  the  sewerage 
of  Chicago  and  the  surrounding  oonimunities,  has  been  in  control  of 
operations  from  the  outset.  This  corporation  bemn  dredging  in 
Chicago  Siver  in  1896.  The  canal  was  first  opened  for  the  passage 
of  water  on  January  17, 1900.  The  hydroelectric  plant  at  Lockport 
began  producing  power  in  December,  1907.  The  flow  in  the  canal 
has  mounted  fairly  steadily  from  approximately  8,000  cubic  feet 
per  second  in  1900  to  approximately  9,000  in  1917,  average  annual 
rsite  of  discharge. 

17.  The  water  passing  through  the  draina^  canal  is  in  part  used 

Sgain  for  wat^  power  development  at  Joliet  and  Marseilles.  At 
oliet  the  State  has  a  dam  affording  a  head  averaging  10  feet.  Here 
5,250  cubic  feet  of  water  per  second  are  used  for  power  production. 
A  lock  of  the  Illinois  and  Michigan  Canal  is  located  at  the  westerly 
end  of  this  dam^  At  Marseilles  a  private  dam  across  the  Illinois 
Biver  affords  a  head  of  about  11  feet.  There  is  no  lock  at  this  dam. 
A  large  portion  of  the  entire  flow  of  the  Illinois  River  is  used  in  power 
development  at  this  point. 

18.  Improvement  of  the  Illinois  Biver  to  afford  slack  water  navi- 
gation to  the  drainage  canal  would  result  in  the  production  of  a  total 
developable  head  ox  116  feet,  including  the  heads  now  utilized  at 
Lockport,  Joliet,  and  Marseilles. 

19.  In  Section  B  of  appendix  A  a  brief  history  is  ^iven  of  the 
great  efforts  put  forth  for  many  years  by  the  city  of  Chicago  to  cope 
with  its  sewerage  and  water  supply  problems.  The  great  and  sus- 
tained CTowth  of  the  city  has  repeateoly  frustrated  attempts  at  solu- 
tion. On  several  occasions  plans  were  adopted  which  were  expected 
to  cure  certain  evils,  and  less  than  a  decade  after  their  completion 
the  growth  of  the  city  had  rendered  the  new  provisions  as  inadequate 
as  the  old  ones  had  l)een. 

20.  The  £fystem  of  sewage  disposal  now  in  use  was  developed  be- 
cause of  the  city's  situation  near  the  crest  of  a  low  divide  having  an 
immense  reservoir  on  one  side  just  below  the  crest.  This  is  the  lowest 
point  of  the  divide  between  the  St  Lawrence  and  Mississippi  Basins. 
While  other  cities  which  also  draw  water  supplies  from  the  lakes  in 
front  of  them,  Cleveland  and  Milwaukee  for  example,  have  been 
forced  to  install  complicated  and  expensive  sewage  purification  works. 
Chicago  was  able  to  cut  through  the  divide  and  draw  off  some  ot 
the  water  of  the  reservoir,  thus  forming  a  stream  into  which  her 
sewage  could  be  dischargea  so  that  it  would  be  diluted,  and  washed 
away  into  the  Mississippi  Basin.  Usin^  pumps  at  Bridgeport,  this 
method  began  to  be  used  in  a  small  way  in  1848  and  was  expanded  in 
1866.  In  1887,  at  the  time  the  present  drainage  canal  was  bein^ 
planned  and  ur^d,  the  matter  of  adopting  some  other  disposal 
^stem  was  considered  seriously  and  rejected.  The  art  of  sewage 
<usposal  by  any  method  other  than  dilution  was  not  then  well  de- 
veloped. The  fact  that  such  a  solution  of  the  city's  sanitary  diffi- 
culties would  lower  the  levels  of  the  Great  Lakes  and  create  certain 
undesirable  conditions  in  the  Illinois  Valley  was  recognized,  but 
these  disadvantages  were  minimized  by  the  people  whose  duty  it 
was  to  provide  adequate  sewage  disposal  facilities.  Sufficient  data 
did  not  then  exist  to  permit  accurate  prediction  of  the  lowering  of 
lake  levels,  and  the  estimates  made  by  those  best  prepared  to  make 
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such  predictions  indicated  lake  lowerings  onl}'  one-third  to  one-half 
as  great  as  now  known  to  be  caused.  Neither  the  great  and  sustained 
future  growth  of  the  city  nor  the  vast  and  important  development 
of  lake  commerce,  which  is  now  12  times  what  it  was  in  1889,  were 
anticipated.  There  was  a  disposition,  moreover,  to  go  ahead  with 
the  project  regardless  of  other  interests  in  the  Great  Csikes  and  Mis- 
sissippi Valleys.  The  matter  of  Government  interest  was  considered, 
but  Government  sanction  does  not  appear  to  have  been  deemed 
necessary  except  for  change  of  current  m  Chicago  River. 

21.  The  case  of  the  United  States  v.  The  Sanitary  District  of  Chi- 
cago, now  in  the  United  States  District  Court,  Northern  District  of 
Illinois,  Eastern  Division,  involves  the  very  important  question  of 
Federal  or  State  jurisdiction.  This  case  was  placed  before  the  court 
in  bills  filed  March  2S,  1908,  and  October  6,  1913.  The  final  argu- 
ments in  this  case  w^ere  presented  in  1915.  To  date  the  United  States 
Government  has  been  unable  in  this  instance  to  secure  an  injunction 
compelling  a  State  corporation  to  observe  the  terms  of  a  permit 
issued  by  the  Secretary  of  War  pursuant,  in  the  opinion  of  the  de- 
partment, to  his  authority  over  navigable  waters  prescribed  by  acts 
of  Congress.  Here  is  a  situation  in  which  a  single  State  denies  the 
jurisdiction  of  the  Federal  Government  over  a  matter  affecting  seven 
other  States  in  the  Great  Lakes  Basin,  several  States  in  the  Missis- 
sippi Valley,  and  the  Dominion  of  Canada,  although  the  State  of 
Illinois  is  powerless  itself  to  deal  directly  with  these  States  or  the 
Dominion,  except  as,  under  the  Constitution,  the  other  States  may 
sue  Illinois  in  the  Supreme  Court,  and,  under  the  boundary  waters 
treaty,  citizens  of  Canada  have  the  same  right  of  action  against 
Illinois  that  citizens  of  Illinois  have.  The  State  of  Illinois  would 
seem  therebj'^  to  deny  the  right  of  Federal  interference  should  the 
State  of  New  York,  for  example,  by  the  construction  of  sanitary 
or  power  development  works  between  Lakes  Erie  and  Ontario  lower 
the  water  level  along  the  Chicago  water  front  and  in  the  drainage 
canal.  The  only  remedy  would  be  suit  in  the  United  States  Supreme 
Court,  which  necessarilj^  is  often  a  process  requiring  years  of  time. 

22.  In  this  connection  it  may  be  well  to  call  to  mind  the  fact  that 
the  State  of  Missouri  brought  suit  in  the  Supreme  Court  of  the 
United  States  against  the  State  of  Illinois  and  the  Sanitary  District 
of  Chicago  to  prevent  the  discharge  of  Chicago  sewage  into  streams 
furnishing  the  water  supply  of  St.  Louis.  This  case  was  dismissed 
without  prejudice  after  being  in  court  more  than  six  years,  on  the 
ground  that  no  material  injury  to  St.  Louis  had  been  proved. 

23.  It  seems  clear  that  matters  concerning  diversions  of  Great 
Lakes  waters,  where  such  diversions  affect  more  than  one  State  or 
more  than  one  nation,  can  be  handled  adequately  only  by  an  execu- 
tive body  of  the  Federal  Government. 

24.  Whether  the  method  of  disposal  chosen  by  the  people  of  Chi- 
cago was  right  or  wrong,  a  condition  has  been  created  which  de- 
serves most  serious  consideration  and  constructive  action.  The  fact 
must  be  recognized  that  the  present  system  has  been  provided  at 
great  expense,  most  of  which  is  covered  by  bonds  not  yet  retired, 
and  that  an  abandonment  of  this  system  for  an  entirely  different  one 
would  be  enormously  costly.  If  the  growth  of  Chicago  continues 
at  past  rates,  the  present  canal  will  in  a  few  years  become  entirely 
inadequate  under  the  dilution  system.     It  will  then  be  necessary 
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either  to  expand  the  present  system  and  increase  the  diversion  or  to 
undertake  the  installation  of  sewage  treatment  works  which  will  at 
least  provide  that  the  eflluent  does  not  exceed  in  volume  the  capacity 
of  the  present  canal.  It  is  time  that  these  matters  were  decided  upon, 
and  plans  for  the  future  worked  out. 

25.  Diversion  through  Black  River  Canal. — The  Black  River  Canal 
here  considered  is  just  north  of  Port  Huron,  Mich.,  and  extends  from 
a  point  on  the  west  shore  of  Lake  Huron,  about  1^  miles  north  of 
the  foot  of  the  lake,  westward  about  one  mile  to  the  Black  River. 
From  the  canal  junction  the  Black  River  flows  4.J  miles  southerly 
through  Port  Huron  to  the  St.  Clair  River,  about  2J  miles  below  the 
foot  of  Lake  Huron.  The  diversion  from  Lake  Huron  averages  400 
cubic  feet  per  second.  Its  use  is  in  flushing  out  Black  River,  which 
otherwise  becomes  stagnant  and  verv  foul  and  ill  smelling.  The 
canal  was  constructed  by  the  city  of  Port  Huron  without  Federal 
permit.  Since  it  conducts  water  around  the  rapids  at  the  head  of 
St.  Clair  River  it  exerts  a  lowering  influence  upon  the  level  of  Lake 
Huron  which  is  important  in  principle  though  entirely  negligible 
in  amount  up  to  the  present  time. 

26.  Diversion  through  WeUand  Canal. — The  Welland  Canal  is  in 
Canada,  5J  to  19  miles  west  of  the  Niagara  River.  It  is  26J  miles 
long,  and  extends  from  Lake  Erie  at  Port  Colborne,  northward  to 
Lake  Ontario  at  Port  Dalhousie.  Its  total  drop  from  Lake  Erie  to 
Lake  Ontario  averages  326.35  feet.  The  quantity  of  water  diverted 
through  it  from  Lake  Erie  is  approximately  4,500  cubic  feet  per 
second,  and  in  addition  it  receives  about  40  cubic  feet  per  second 
from  the  Grand  River,  a  tributary  of  Lake  Erie.  These  are  average 
figures,  which,  of  course,  are  exceeded  under  conditions  of  maximum 
diversions.  Of  these  diversions  approximately  900  cubic  feet  per 
second  on  the  average  the  year  around  are  used  for  navigation,  in- 
cluding lockage,  leakage,  and  waste.  Of  the  remainder  a  very  small 
amount  is  used  for  sanitary  purposes,  and  the  balance,  about  3,400 
cubic  feet  per  second,  for  power  development.  At  DeCew  Falls  there 
is  a  high  head  hydroelectric  plant  of  good  efficiency  which  has  leases 
for  the  continuous  use  of  1,160  cubic  feet  of  water  per  second,  but 
appears  to  use  about  2,100.  The  remainder  is  used  inefficiently  at  a 
large  number  of  small  developments,  mostly  along  the  line  of  the 
old  canal.  Diversion  from  the  Grand  River  began  in  1833.  Diver- 
sion direct  from  Lake  Erie  began  in  1881.  Since  that  time  the  di- 
version has  increased,  but  there  has  been  very  little  if  any  increase 
since  Mav  13,  1910,  the  date  on  which  the  boundary  waters  treaty 
was  proclaimed. 

27.  The  Welland  Canal  affords  passage  between  Lakes  Erie  and 
Ontario  for  vessels  255  feet  long,  45  feet  beam,  and  14  feet  draft, 
with  ample  headroom  for  tall  spars.  It  is  wholly  under  Canadian 
control,  but  is  available  to  both  Canadian  and  United  States  vessels 
on  emial  terms.  The  only  other  waterway  connecting  these  lakes  is 
the  Xew  York  State  Barge  Canal,  which  is  restricted  to  12  feet  of 
depth  and  15^  feet  of  headroom,  and  affords  a  connection  204  miles 
long  from  Buffalo  to  Oswego  by  way  of  the  Erie  and  Oswego 
branches.  The  New  Welland  Canal,  under  construction,  will  afford 
a  waterway  for  vessels  800  feet  long,  80  feet  beam,  and  25  feet  draft. 
Its  operation  is  estimated  to  require  a  diversion  of  about  2,000  cubic 
feet  per  second. 
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28.  Diversion  through  Black  Rock  CaruiL. — The  Black  Rock  Canal 
is  at  Buffalo,  N.  Y.,  where  it  provides  a  waterway  and  modern  lock 
adequate  for  the  largest  lake  freighters  to  overcome  the  swift  shallow 
rapids  at  the  head  of  Niagara  Kiver.  The  diversion  into  it  from 
Lake  Erie  is  estimated  to  be  about  700  cubic  feet  per  second,  of 
which  250  leaks  back  into  the  Niagara  River  through  the  dike,  400 
is  delivered  into  the  head  of  the  Old  Erie  Canal,  and  the  remainder 
is  consumed  in  lockage.  Until  1918  the  quantity  delivered  to  the 
Erie  Canal  at  Black  R)ck  was  larger,  approximating  1,000  cubic  feet 
per  second.  In  the  early  days  of  the  canal  water  power  was  de- 
veloped at  Black  Rock,  but  this  practice  was  discontinued  many 
years  ago.  The  400  cubic  feet  per  second  now  discharged  into  the 
Erie  Canal  partially  flushes  out  of  the  portion  of  this  canal  between 
Buffalo  ana  Tonawanda,  now  abandoned  for  navigation  purposes, 
the  sewage  discharged  into  it  at  Buffalo. 

29.  Diversion  through  New  York  StaJte  Barge  Canal. — ^The  New 
York  State  Barge  Canal  system  is  an  improvement  of  the  old  Erie, 
Oswego,  Champlain,  and  Cayuga  and  Seneca  Canals.  It  extends 
from  Buffalo  to  Troy,  N.  i .,  with  branches  to  Lake  Ontario  at 
Oswego,  Lake  Champlain,  Cayuga  Lake^  and  Seneca  Lake.  From 
the  Niagara  River  at  Tonawanda,  N.  i .,  it  obtains  its  sole  water 
supply  for  the  western  end  to  a  point  east  of  Rochester.  The  canal 
system  was  opened  at  the  western  end  in  midsummer  of  1918.  To 
aate  it  is  believed  the  diversion  has  been  somewhat  less  than  the  aver- 
age amount  assumed  to  be  required  ultimately,  namely.  1,237  cubic 
feet  per  second.  The  maximum  discharging  capacity  oi  the  portion 
of  the  canal  leading  from  Tonawanda  to  Loclq)ort  varies  with  the 
stage  of  Lake  Erie  from  1,000  to  3,000  cubic  feet  per  second.  East  of 
Lockport  the  maximum  discharge  capacity  is  1,600  cubic  feet  per 
second.  As  constructed  the  canal  will  probably  require  a  diversion 
of  about  1,237  cubic  feet  per  second  for  navigation  purposes.  Inci- 
dentally a  portion  of  this  water  may  be  used  lor  power  development 
at  Lockport  and  to  a  smaller  extent  elsewhere  along  the  canal, 
although  this  is  a  secondary  use,  the  same  water  being  required  for 
navigation  use  also. 

30.  Until  1918  the  Erie  Canal  diverted  water  from  Lake  Erie  at 
Buffalo.    This  is  a  diversion  of  very  long  standing,  dating  from  1825. 

31.  In  addition  to  the  diversion  for  navigation  uses  ttiere  is  now 
being  diverted  through  the  New  York  State  Barge  Canal  from 
Niagara  River  approximately  500  cubic  feet  per  second  for  power 
development  at  Lockport  .and  along  Eighteen  Mile  Creek  under  per- 
mits from  the  Secretary  of  War  and  the  New  York  State  superintend- 
ent of  public  works. 

32.  It  is  an  interesting  matter,  important  in  principle,  though  un- 
important in  effect  up  to  the  present  time,  that  the  use  of  the  barge 
canal  causes  a  diversion  of  about  50  cubic  feet  of  water  per  second 
from  the  Mohawk  River  watershed  into  the  Great  Lakes  Basin  and 
a  diversion  of  about  35  cubic  feet  per  second  from  the  eastern  head- 
waters of  the  Susquehanna  River  into  the  Great  Lakes  Basin. 

33.  Present  diversions  hy  power  companies  at  Niagara  Falls. — ^The 
present  diversions  of  water  irom  Niagara  River  at  Niagara  Falls  for 
power  development  are  approximately  as  given  in  Table  No.  2. 
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Table  No.  2. — Water  diversion  from  Niagara  River  at  Niagara  Falls, 

United  States:  Cui>icfe«t 

Niagara  Falls  Power  Co.—  per  second. 

Niagara  plant 9, 450 

Hydraulic  plant 7, 840 

PettelMHie  Cataract  Paper  Co 270 

Total 17. 560 

Ganada: 

Hj^dro-Electric  Power  Commission  of  Ontario,  Ontario  Power  Co. 

plant 11,200 

Toronto  Power  Co • 12, 400 

Canadian  Niagara  Power  Co 9, 000 

International  Railway  Co 125 

Total 33, 325 

Grand  total 60, 885 

34.  The  Niagara  Falls  Power  Co.  has  under  construction  at  its 
hydraulic  plant  an  addition  which,  when  completed,  will  bring  the 
total  diversion  by  that  company  up  to  19,600  cubic  feet  per  second, 
with  capacity  for  using  at  least  2,000  cubic  feet  per  second  more. 
The  Hydro-Electric  Power  Commission  of  Ontario  has  under  con- 
struction an  extension  of  the  Ontario  Power  Co.  plant  which  will 
increase  the  diversion  of  that  plant  to  about  18,800  cubic  feet  per 
second.  The  commission  is  also  constructing  a  new  plant  to  utilize  a 
diversion  of  10,000  cubic  feet  of  water  per  second  under  a  head  of 
300  feet.  All  the  other  plants  enumerated  generate  power  under  heads 
of  214  feet  or  less,  diverting  water  from  the  river  not  more  than  IJ 
miles  above  the  falls  and  returning  it  to  the  river  within  less  than 
a  mile  of  the  foot  of  the  falls.  It  is  to  be  noted  that  the  new  works 
provide  a  capacity  for  diversion  on  both  sides  in  excess  of  treaty  limits. 

35.  Diversions  through  St,  Lawrence  River  canals. — ^The  St.  Law- 
rence Elver  canals  above  St.  Begis  are  four  in  number,  and  are  all 
downstream  from  Prescott,  Ontario,  which  is  opposite  Ogdensburg, 
N.  Y.  In  order  downstream  they  are  the  G»lop  Canal,  overcoming 
Galop  Rapids;  Morrisburg  Canal,  overcoming  Rapide  Plat;  Farran 
Point  Canal,  overcoming  a  small  rapids  of  the  same  name;  and  the 
Cornwall  Canal,  overcominff  the  Long  Sault  Rapids.  The  diversions 
are  small,  and  in  each  case  tne  water  diverted  is  returned  to  the  river 
a^ain  within  a  distance  of  11  miles  or  less  of  its  point  of  diversion. 
Tlie  diversion  by  the  Galop  Canal  is  between  600  and  1,000  cubic  feet 
per  second,  of  which,  on  the  average,  200  or  less  is  for  navigation  use 
and  the  remainder  for  power  development.  The  diversion  by  the 
Morrisburg  Canal  is  between  1,000  and  1,500  cubic  feet  per  second, 
of  which  possibly  ^X)  is  required  for  navigation  use,  the  remainder 
being  utilized  in  power  development.  The  Farran  Point  Canal 
diverts  perhaps  60  cubic  feet  per  second,  all  for  navigation  use.  The 
diversion  by  the  Cornwall  Canal  is  about  3,000  cubic  feet  per  second, 
of  which  possibly  300  is  required  for  navigation  purposes,  the  balance 
being  used  in  the  development  of  water  power. 

36.  These  canals  and  their  appurtenances  have  been  constructed, 
maintained,  and  operated  by  the  Dominion  of  Canada  without  any 
reference  to  or  complaint  from  the  United  States,  except  in  the  case 
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of  the  Gut  Dam,  which  is  partly  in  United  States  territory ;  and  in 
case  of  the  North  Channel,  whose  opening  it  was  at  one  time  feared 
would  greatly  lower  the  level  of  Lake  Ontario.  These  canals  were 
built  primarily  for  the  benefit  of  navigation,  and  are  open  for  use 
equally  by  the  vessels  of  both  countries.  The  development  of  water 
power  along  these  canals  is  a  secondary  and  incidental  matter, 
although  much  of  the  water  is  now  diverted  solely  for  that  purpose. 

37.  Diversion  through  the  Massena  CaffiaH, — ^The  Massena  Canal 
is  on  the  United  States  side  of  the  St.  Lawrence  Eiver  at  the  head 
of  the  Long  Sault  Bapids,  and  extends  about  3  miles  from  the  St. 
Lawrence  to  a  power  house  on  the  Grasse  River,  a  tributary  of  the 
St.  Lawrence.  There  is  a  head  of  about  43  feet  at  the  power  house, 
from  which  point  the  last  7  miles  of  the  Grasse  Eiver  serves  as  a 
tailrace,  conducting  the  water  back  to  the  St.  Lawrence  at  a  point 
lOf  miles  downstream  from  the  point  of  diversion.  The  quantity  of 
water  diverted  is  approximately  30,000  cubic  feet  per  second.  This 
development  was  made  under  New  York  State  charters,  without 
Federal  license  or  permit,  except  for  minor  operations  in  the  St 
Lawrence  Kiver,  first  requested  after  the  project  had  been  under 
construction  for  several  years,  and  without  any  reference  to  Canada 
until  very  recently.  The  development  is  now  controlled  through 
stock  ownership  by  the  Aluminum  Co.  of  America. 

38.  WcAer  power  at  Waddmgton^  N.  T. — ^At  the  Eapide  Plat  the 
St.  Lawrence  Eiver  is  divided  into  two  channels  by  Ogden  Island. 
The  American  channel,  which  is  much  smaller  than  the  Canadian, 
is  said  originally  to  have  had  a  flow  of  approximately  26,000  cubic 
feet  per  second.  A  dam  was  built  across  this  channel  at  Waddin^- 
ton,  N.  Y.,  more  than  100  years  ago.  No  Federal  permit  was  soiignt 
or  granted  for  this  construction,  or  reference  made  to  Canada.  The 
right  to  build  and  maintain  the  dam  was  granted  by  the  State  of 
New  York  in  1808,  the  purpose  being  to  improve  navigation  and 
develop  water  power.  In  1826  the  rights  conferred  were  made  per- 
petual, and  the  ownership  of  the  bed  of  Little  Eiver  below  the  aam 
was  added  to  the  perpetual  rights  granted.  Apparently  no  ques- 
tion has  ever  been  raised  as  to  the  validity  of  this  grant,  although 
a  rather  similar  grant  by  the  State  of  New  York  in  1907  to  the  Long 
Sault  Development  Co.  of  portions  of  the  bed  of  the  St.  Lawrence 
Eiver  in  New  York  State  was  held  to  be  unconstitutional  by  the 
State  courts,  the  decision  being  sustained  by  the  United  States 
Supreme  Court.  The  flow  through  Little  Eiver  is  estimated  to  be 
3,000  to  4,000  cubic  feet  per  second,  of  which  about  600  cubic  feet 
per  second  is  used  intermittently  and  inefficiently  in  the  development 
of  power.  A  project  is  being  framed  for  the  proposed  development 
of  power  at  Waddington  on  a  large  scale,  and  certain  of  the  plans 
have  been  presented  to  the  International  Joint  Commission  for  con- 
sideration. 

39.  Diversions  of  cities, — ^The  only  remaining  direct  diversions  of 
water  from  the  Great  Lakes  System  of  sufficient  importance  to  be 
worthy  of  mention  are  the  diversions  of  cities  bordering  the  Great 
Lakes  and  outflow  rivers  for  water  supply  and  sewer  flushing.  The 
most  notable  example  of  flushing  is  at  Milwaukee,  where  nearly  1,000 
cubic  feet  of  water  per  second  is  pumped  from  Lake  Michigan  to 
flush  sewage  from  three  rivers  in  that  city  out  into  Lake  Michigan. 
At  Chicago  the  pumpage  for  water  supply  from  Lake  Michigan  is 
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1,050  cubic  feet  per  eecond.  At  Detroit  the  average  amount  pumped 
from  Detroit  River  is  2S5  cubic  feet  per  second,  while  at  Buffalo  the 
pumpage  for  water  supply  from  Lake  Erie  is  220  cubic  feet  per 
second.  At  Chicago  most  of  the  water  so  pumped  ultimately  passes 
down  the  drainage  canal,  forming  part  of  the  diversion  measured 
at  Lockport.  At  every  other  city  on  the  Lakes  practically  all  the 
water  so  diverted  finds  its  way  back  within  a  few  miles  of  the  point 
oi  diversion,  and  so  produces  only  a  trivial  effect  upon  lake  levels. 

40.  Diversions  from  tributaries  of  the  Great  Lakes. — The  diver- 
sions enumerated  in  the  preceding  paragraphs  cover  all  the  im- 
portant direct  diversions  of  water  from  the  Great  Lakes  and  out- 
flow rivers,  including  the  diversion  of  the  Illinois  &  Michigan  Canal 
which  formerlv  was  direct  and  now  is  indirect,  and  the  condition  at 
Waddington,  N.  Y.,  which  is  not  a  diversion,  but  a  closeljr  allied 
matter.  There  are  several  places  along  streams  naturally  tributary 
to  the  Great  Lakes  and  outflow  rivers  where  diversions  or  interfer- 
ences occur  which  affect  the  supply  of  water  to  the  Great  Lakes. 
Prominent  among  such  diversions  are :  the  Grand  Kiver  in  Ontario,  a 
portion  of  whose  discharge  has  for  many  years  been  diverted  through 
the  Port  Maitland,  or  Dunnville^  feeder  into  the  Welland  Canal,  and 
so  into  Lake  Ontario,  Tonawanda  and  Ellicott  Creeks ;  which  natu- 
raJJy  discharged  into  Niagara  River,  diverted  into  the  New  York 
State  Barge  Uanal,  and  so  ultimately  into  Lake  Ontario  at  Oswego. 

41.  Supplies  from  adjacent  watersheds, — ^Mention  has  already  been 
made  of  the  fact  that  the  summit  level  water  supply  of  the  New  York 
State  Barge  Canal  is  so  arranged  that  the  Oneida  and  Oswego  Eivers, 
tributaries  of  Lake  Ontario,  receive  a  small  amount  of  water  from 
the  Mohawk  and  Susquehanna  watersheds.  A  similar  case  is  that 
of  the  Fox  Biver  in  Wisconsin,  a  tributary  of  Lake  Michigan,  which 
receives  during  high  water  a  small  amount  of  water  through  the  Fox 
River  Canal  from  Wisconsin  Biver,  a  tributary  of  the  Mississippi. 
Formerly  the  operation  of  the  Ohio  and  Erie  Canal  in  Ohio  caused  a 
small  diversion  from  the  Tuscarawas  Biver,  a  tributary  of  the  Ohio 
River,  into  Lake  Erie  at  Cleveland. 

42.  Other  eaaidls  in  the  basin, — Other  canals  which  now  cause  a  re- 
distribution of  water  between  adjacent  watersheds  in  the  Great  Lakes 
Basin  are  the  Trent  Canal,  in  Ontario,  between  Lake  Ontario  and 
Georgian  Bay,  and  Bideau  Canal,  in  Ontario,  between  Lake  Ontario 
and  the  Ottawa  Biver.  Abandoned  canals  which  formerly  caused 
such  redistribution  are  the  Shenango  Canal  in  Pennsylvania;  the 
Clienango,  Chemung,  and  Genesee  Valley  Canals  in  New  York;  and 
tlie  Miami  and  Erie  Canal  in  Ohio.  Proposed  canals  which  probably 
would  cause  such  redistribution  are  the  Lake  Erie  and  Ohio  Biver 
CanaL  the  Lake  Erie-Lake  Michigan  Canal,  and  the  Georgian  Bay 
Ship  Canal. 

43.  Proposed  navigation  canals^  Lake  Erie  to  Lake  Ontario. — Aside 
from  the  Welland  Canals,  and  the  proposed  Erie  &  Ontario  Sanitary 
Canal,  to  be  mentioned  hereafter,  the  proposed  routes  of  navigation 
connecting  Lakes  Erie  and  Ontario  have  contemplated  using  portions 
of  the  Niagara  Biver.  The  first  survey  for  such  a  canal  was  made 
in  1784.  Since  that  date  but  few  years  have  passed  without  agitation 
for  the  construction  of  such  a  canal,  and  many  surveys  and  estimates 
have  been  made.  The  most  recent  and  also  the  most  elaborate  and 
complete  survey  and  estimate  is  that  of  the  United  States  Board  of 
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Engineers  on  Deep  Waterways,  whose  report,  submitted  in  1900,  was 
published  as  House  of  Eepresentatives  Document  No.  149,  Fifty-sixth 
Congress,  second  session.  This  board  surveyed  and  estimated  in 
detail  two  routes,  known  respectively  as  the  Tonawanda-Olcott  route 
and  the  La  Salle-Lewiston  route,  but  recommended  the  latter  as  more 
economical  and  otherwise  preferable.  In  the  course  of  the  present 
investigation  a  careful  reconnaisance  was  made  of  both  routes,  and 
revisory  surveys  of  the  La  Salle-Lewiston  route  were  made  in  suffi- 
cient detail  to  bring  the  information  up  to  date. 

44.  Improvement  of  the  Black  Rock  Canal,  including  construction 
of  the  new  lock  at  Black  Rock,  has  obviate  the  necessity  of  con- 
structing the  works  designed  by  the  board  for  the  head  or  Niagara 
River.  ^  The  artificial  portion  of  the  route  extending  from  La  Salle 
to  Lewiston  has  been  redesigned  with  more  liberal  dimensions,  and 
an  estimate  of  the  cost  has  been  prepared  based  on  present-day  prices. 
In  a  later  portion  of  the  report  this  canal  is  considered  in  relation 
to  its  combmation  with  a  project  for  the  development  of  water  power. 

45.  In  Section  A  of  Appendix  A  the  matter  of  a  ship  canal  between 
Lake  Erie  and  Lake  Ontario  is  treated  at  considerable  length  for 
two  reasons :  First,  to  comply  with  instructions  contained  in  depart- 
ment letters  dated  August  4, 1916  (E.  D.  42608) ;  September  29, 1916 
(E.  p.  101152) ;  and  April  28  1917  (E.  D,  106256),  which  cover  the 
preliminary  examination  on  "waterway  or  ship  channel  along  the 
most  practicable  route  between  Lake  Erie  and  Lake  Ontario  of  suffi- 
cient capacity  to  admit  the  largest  vessels  now  in  use  on  the  Great 
Lakes,"  ordered  by  Congress  in  the  river  and  harbor  act  of  July  27, 
1916,  which  exammation  and  report  were  originally  directed  by  the 
department  to  be  included  in  the  investigation  reported  herein  but 
are  now  made  the  subject  of  a  separate  report  and,  second,  to  comply 
with  department  instructions  that  such  a  canal  should  be  treated  in 
this  report  with  special  reference  to  the  practicability  and  advis- 
ability of  making  it  a  combined  power  and  ship  canal. 

46.  For  a  ship  canal  without  power  development  the  estimated 
costs  are  as  given  in  Table  No.  3 : 

Table  No.  8. — Estimated  cost  of  ship  canal,  La  Salle-Lewiston  route. 


size  of  prism. 


200  feet  wide,  25  feet  deep . 
200  feet  wide,  80  feet  deep . 
800  feet  wide,  30  feet  deep . 


Size  of  locks. 


650  feet  long,  70  feet  wide,  25  feet  deep. 
800  feet  long,  80  feet  wide,  30  feet  deep. 
do 


Cost. 


$120,000,000 
185,000,000 
15^562,000 


47.  It  is  important  to  note  that  the  new  Welland  Ship  Canal,  only 
a  few  miles  distant,  which  is  now  partially  completed,  and  which  no 
doubt  will  be  open  before  a  canal  in  the  United  States  could  be  con- 
structed, will  be  able  to  care  for  all  the  traffic  likely  to  exist  between 
Lake  Erie  and  Lake  Ontario  for  many  years  to  come,  and  that 
accordingly  there  is  no  necessity  for  an  additional  canal.  Moreover, 
it  should  be  borne  in  mind  that  communication  between  Lake  Ontario 
and  the  seaboard  is  still  limited  by  the  St.  Lawrence  canals  and 
the  shallow  places  in  St.  Lawrence  Biver.  The  present  commerce 
through  the  Welland  Canal  is  cmly  about  5  per  cent  as  large  as  that 
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through  the  Detroit  Siyer,  and  of  this  small  amount  not  more  than 
10  per  cent  is  United  States  commerce. 

48.  The  diversion  of  water  from  Niagara  River  for  navigation  use 
in  a  canal  extending  from  La  Salle  to  Xiewiston,  would  probably  be 
less  than  1,000  cubic  feet  per  second. 

49.  Proposed  canals^  Lake  Ontario  to  Hudson  River, — Four  water 
routes  from  Lake  Ontario  to  the  sea  have  in  the  past  received  con- 
sideration. These  are  shown  on  Plate  No.  12.  One  of  them  is  the 
natural  route  by  way  of  the  St.  Lawrence  River.  The  other  three 
are  by  way  of  the  Hudson  River.  Of  the  routes  to  the  Hudson,  one 
follows  the  St.  Lawrence  to  Lake  St.  Louis,  an  artificial  canal  from 
there  to  the  Richelieu  River,  then  up  to  the  Richelieu,  through  Lake 
Champlain,  and  by  Woods  Creek  and  Bond  Creek  to  the  Hudson; 
another  follows  the  St.  Lawrence  to  Lake  St.  Francis,  an  artificial 
canal  from  there  to  Lake  Champlain,  and  on  to  the  Hudson  as  be- 
fore; and  the  third  leaves  Lake  Ontario  at  Oswego,  following  the 
Oswego  and  Oneida  Rivers  to  Oneida  Lake,  across  tne  divide  in  an 
artificial  canal,  and  on  down  the  Mohawk  River  to  the  Hudson. 
Only  the  last  route  lies  entirely  in  United  States  territory. 

50.  The  Oswego-Mohawk  route  was  first  surveyed  for  improve- 
ment in  1791.  In  1829,  upon  opening  the  Oswego  Canal,  this  route 
became  navigable,  the  Ene  Canal  along  the  Monawk  River  having 
been  opened  previously.  This  route  was  carefully  surveyed  by  the 
Board  of  Engineers  on  Deep  Waterways,  and  its  estimate  of  cost  for 
a  ship  canal  was  presented  in  the  report  of  1900.  The  route  was 
recommended  by  the  board  in  preference  to  the  route  via  St.  Law- 
rence River  to  Lake  St.  Francis,  Lake  St.  Francis  to  Lake  Cham- 
plain via  artificial  canal^  etc.,  which  route  was  also  carefully  sur- 
veyed by  the  board,  similar  estimates  being  prepared.  The  build- 
ing of  the  New  Yoric  State  Barge  Canal  along  the  Oswego-Mohawk 
route  has  made  the  construction  of  this  ship  canal  as  planned  impos- 
sible, and  has  rendered  very  diflScult  the  provision  of  an  adequate 
water  supply  for  the  summit  level  of  any  snip  canal  built  along  this 
route. 

51.  Any  diversion  of  water  brought  about  by  the  operation  of 
such  a  canal  would  amount  solely  to  a  redistribution  of  tne  water  at 
the  summit  level  between  the  adjacent  watersheds  of  the  Hudson 
River  and  the  Great  Lakes  Basin. 

62.  LongSa^t  Rapids  project. — ^A  pro^ct  to  dam  the  entire  St. 
Lawrence  Kiver  at  the  foot  of  Long  Sault  Rapids  was  seriously  con- 
sidered during  the  years  1907  to  1916.  The  scheme  was  primarily  one 
of  power  development  under  a  head  of  ^  feet,  and  secondarily  of 
improvement  to  navigation  imder  the  slack-water  system.  For  this 
purpose  the  Long  Sault  Development  Co.,  a  subsidiary  of  the  Alumi- 
num Co.  of  America,  was  incorporated  in  New  York  State  in  1907. 
In  1913  the  State  repealed  the  act  of  incorporation  as  unconstitu- 
tional, the  decision  bemg  upheld  in  the  United  States  Supreme  Court 
in  1916.  Congressional  authority  for  the  development  was  sought 
from  1907  to  1912,  but  without  success.  Unsuccessful  attempts  were 
also  made  to  secure  authority  of  the  Parliament  of  Canada. 

53.  Erie  <Sk  Ofdario  Saniiary  Canal  project. — The  project  of  the 
Erie  &  Ontario  Sanitary  Canal  Co.  involves  a  diversion  of  26,000 
cubic  feet  of  water  per  second  from  Lake  Erie,  with  which  it  is 
proposed  to  develop  800,000  horsepower.   About  21,000  cubic  feet  per 
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second  of  this  is  to  pass  through  the  main  ship,  sanitaiy,  and  power 
canal,  which  is  planned  to  be  40  miles  long,  exclusive  or  the  harbors, 
extending  from  Seneca  Shoal,  in  Lake  Erie,  passing  south  and  east 
of  Buffalo  and  Lackawanna,  west  of  Lockport,  and  reaching  Lake 
Ontario  at  Olcott,  N.  Y.  There  is  to  be  a  ship  lock  having  an  8-foot 
lift  at  Lake  Erie  and  two  enormous  twin  lift  locks  near  Lockport, 
N.  Y.,  one  of  209  feet  lift  and  the  other  of  104  feet  lift.  A  branch 
canal  following  the  line  of  the  old  Erie  Canal  from  Black  Rock  to 
Tonawanda,  and  extending  thence  easterly  to  its  junction  with  the 
main  canal,  is  to  be  13^  miles  long  and  carry  a  discharge  of  5,000 
cubic  feet  per  second.  The  depth  of  the  main  canal  is  to  be  30  feet 
and  of  the  branch  canal  12  feet. 

54.  The  project  of  the  company  is  threefold :  First  to  provide  a 
ship  canal  of  ample  dimensions  connecting  Lakes  Erie  and  Ontario, 
whose  control  for  navigation  uses  will  be  turned  over  to  the  Federal 
Government  without  charge;  second,  to  prevent  contamination  of 
the  Niagara  River  with  sewage  from  Buffalo  and  the  Tonawandas 
and  eliminate  flood  conditions  from  Buffalo  River  by  providing 
drainage  into  the  new  canal  free  of  charge;  and,  third,  to  utilize 
under  a  high  head  for  power  development  all  the  water  permitted  by 
treaty  to  b?  diverted  from  Niagara  River  for  power  purposes,  there- 
by earning  a  revenue  sufficient  to  pay  for  and  maintain  the  works,  and 
provide  a  large  amount  of  power  in  the  district.  Of  the  26,000  cubic 
feet  per  second  diversion,  6,000  is  considered  by  this  company  to  be  a 
permissible  diversion  for  sanitary  purposes.  The  other  20,000  is  to  be 
taken  from  the  present  permittees,  namely  19^00  from  the  Niagara 
Falls  Power  Co.  and  500  from  the  Hydraulic  Race  Co.  of  Lockport, 
N.  Y.  These  companies  are  to  be  compensated  for  loss  of  water 
either  by  being  supplied  with  an  amount  of  power  equal  to  that  now 
produced,  or  their  properties  are  to  be  condemned  and  purchased. 

55.  As  a  navigation  project,  assuming  that  provision  for  such  navi- 

fition  is  essential,  the  proposition  is  open  to  two  fatal  objections: 
irst,  the  route  crosses  every  railroad  and  road  entering  Buffalo  from 
the  east,  south,  and  west,  some  83  or  more  altogether,  requiring  about 
70  movable  bridges,  and  the  consequent  obstruction  to  traffic  would 
be  enormous;  second,  a  better  and  much  cheaper  canal  can  be  pro- 
vided along  the  La  Salle-Lewiston  route.  There  are  four  other  seri- 
ous objections.  The  first  of  these  is  the  lowering  of  Lake  Erie  of 
1.18  feet  at  mean  stage,  which  would  be  caused  by  this  direct  diver- 
sion. This  lowering  could  be  prevented  at  considerable  expense  by 
the  construction  of  remedial  works.  The  second  is  the  production  of 
excessive  currents  in  the  Black  Rock  Ship  Canal,  and  the  third  is 
the  unduly  narrow  canal  section  provided  in  earth  cut.  Both  these 
objections  could  be  overcome  by  canal  enlargements,  which  would  be 
very  costly.  The  fourth  is  the  difficult  and  dangerous  crossing  at 
grade  of  the  New  York  State  Barge  Canal.  This  objection  could 
probably  be  overcome  also  at  great  expense  by  the  use  of  locks  and 
syphons  or  by  excavation  and  maintenance  of  a  large  basin  at  the 
crossing. 

56.  As  regards  the  sanitary  features  of  the  project,  they  seem 
both  uneconomical  and  to  some  extent  undesirable.  The  matter  was 
carefully  investigated  by  the  International  Joint  Commission,  which 
reported  that  the  canal  would  be  highly  objectionable  and  dangerous 
from  a  sanitary  standpoint  if  raw  sewage  were  discharged  into  it, 
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and  that  the  expense  and  extent  of  treatment  of  sewage  from  Buffalo 
and  other  communities  along  Niagara  River  would  be  greater  to  pre- 
pare the  sewage  for  discharge  into  the  canal  than  to  prepare  it  for 
discharge  into  Niagara  River.  The  report  of  the  commission  was 
adverse  and  highly  unfavorable  to  the  canal.  It  is  generally  con- 
ceded by  sanitarians  that  water  supplies  from  such  streams  as  the 
Niagara"  River  must  be  purified  in  any  event,  and  money  is  more 
wisdj  expended  in  purifying  intensively  the  relatively  small  quan- 
tity of  water  diverted  for  water  supply  than  in  attempting  to  pre- 
vent completely  the  discharge  of  impurities  into  the  stream,  although 
nuisances  and  gross  pollution  should  be  prohibited. 

57.  In  regard  to  the  power  development  features  of  this  project 
there  seems  to  be  no  insuperable  obstacle  to  the  development  of  about 
787,000  horsepower,  an  amount  slightly  less  than  the  stated  800,000, 
in  the  summer  time.  The  probability  of  serious  difficulties  with  ice 
in  wintertime  seems  very  great,  because  of  the  enormoas  quantities 
of  ice  which  usually  pile  up  in  windrows  at  the  eastern  end  of  Lake 
Erie.  The  only  estimate  oi  cost  of  the  project  submitted  by  the  com- 
pany is  based  on  prewar  conditions  and  prices,  and  is  obviously  very 
much  too  small.  It  is  $95,969,000.  An  estimate  comparable  to  other 
estimates  of  power  development  propositions  given  in  this  report 
has  been  prepared,  the  total  amount  being  $401,760,000.  On  this 
basis  the  cost  per  horsepower  of  development  would  be  $510.50.  It  is 
farther  estimated  that  the  cost  of  producing  power  on  the  bus  bars 
in  the  power  stations  would  be  at  least  $65  per  horsepower  per  annum, 
as  against  $10  to  $16  in  the  new  plans  proposed  to  be  constructed  at 
Niagara  Palls. 

58.  Preservation  of  scenic  beauty  of  Niagara  Falls  and  the  ravids 
of  Niagara  River. — The  Falls  of  Niagara,  with  the  rapids  and  whirl- 
pool in  the  firorge,  constitute  what  is  probably  the  most  famous  scenic 
marvel  in  tiie  world.  Officials  of  the  New  York  State  reservation 
at  Niagara  Falls  estimate  the  number  of  spectators  annually  at  one 
and  one-half  million  persons,  many  of  whom  come  from  great  dis- 
tances. The  total  expenditure  per  annum  of  these  tourists  is  esti- 
mated at  $37,000,000.  The  destruction  or  serious  defacement  of  the 
spectacle  or  any  part  of  it  for  power  development  or  commercializa- 
tion of  any  kind  would,  and  should  beyond  doubt,  be  held  almost 
universally  to  be  intolerable  vandalism. 

59.  The  problem  of  Niagara  Fails. — There  is  much  to  be  said,  how- 
ever, in  favor  of  Niagara  power  and  its  great  benefits  to  the  United 
States,  and  to  the  world.  The  development  already  existing  made  pos- 
sible the  growth  in  this  countrv  of  chemical  industries  so  important 
that  it  is  difficult  to  see  how  they  could  possibly  be  dispensed  with. 
It  might  almost  be  said  that  the  war  could  not  have  been  won  with- 
out them.  It  is  true  also  that  the  great  hydroelectric  developments 
now  existing  at  Niagara  Falls  furnish  a  spectacle  of  beauty,  grand- 
eur, and  sublimity  almost  rivaling  the  Falls  and  rapids  themselves. 
The  problem  is  to  develop  a  policy  which  will  insure  preservation  of 
the  natural  scenery  in  so  far  as  justifiable,  and  at  the  same  time  har- 
monize if  possible  with  present  power  development  and  future  indus- 
trial needs.  At  first  glance  it  would  seem  that  no  harmony  was  pos- 
sible, that  power  development  must  give  way  to  scenic  preservation. 
A  careful  study  of  all  the  facts  makes  it  clear  that  tms  is  not  the 
esse;  that  the  utmost  harmony  can  readily  be  made  to  prevail  be- 
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tween  the  two  apparently  conflicting  interests,  and,  strange  as  it  may 
at  first  seem,  that  the  scenic  preservation  may  be  promoted  by  a 
further  development  of  power,  with  its  great  enhancement  of  com- 
mercial advantages. 

60.  Character  of  the  Horseshoe  Falls. — This  very  satisfactory  con- 
dition arises  because  of  the  peculiar  character  and  growth  of  the 
Horseshoe  Falls.  While  this  falls  discharges  16  times  as  much  water 
as  the  American  Falls^  and  has  a  crest  line  2.6  times  as  long,  yet  it  is 
often  held  to  be  inferior  as  a  spectacle  to  the  lesser  American  FaUs. 
It  would  seem  then  that  for  some  reason  its  production  represented 
waste  and  inefficiency.  An  analvsis  of  the  situation  makes  the  rea- 
sons apparent.  The  crest  line  forms  a  deep  curve  which  makes  it 
impossible  to  see  more  than  about  half  of  the  falls  at  a  time,  except 
from  one  viewpoint  in  Canada.  In  the  central  1,000  feet  of  the  crest 
line,  situated  deep  in  the  curve,  more  than  80  per  cent  of  the  flow  oyer 
this  falls  plunges  down  over  the  cliff  behina  a  thick  cloud  of  mist. 
This  part  of  the  waterfall  is  seldom  more  than  partially  visible,  and 
then  only  under  favorable  conditions  of  wind  wnich  blows  the  spray 
to  one  side.  It  seems  to  be  a  fact  that  perhaps  more  than  half  of  the 
water  flowing  over  this  cataract  adds  nothing  at  all  to  the  grandeur, 
unless  it  be  somewhat  in  the  form  of  noise,  while  it  greatly  injures 
the  scenic  effect  by  causing  a  cloud  of  spray  which  hides  a  large  por- 
tion of  the  falls  almost  perpetually.  Meanwhile  the  ends  of  the  crest 
line  are  never  well  covered  with  water,  and  frequently  are  bare,  leav- 
ing them  very  unattractive  in  appearance. 

61.  Erosion  of  the  Horseshoe  Falls. — Not  only  does  the  present 
great  concentration  of  water  in  the  apex  of  the  deep  notch  in  the 
crest  line  of  Horseshoe  Falls  represent  an  absolute  loss  both  to  power 
development  and  to  scenery,  but  it  forms  a  very  destructive  agent, 
eroding  the  crest  line  at  its  point  of  greatest  recession  at  the  rate  oi 
5  feet  a  year.  The  recession  causes  a  greater  concentration  of  flow, 
and  the  greater  concentration,  in  turn,  more  rapid  and  more  con- 
centrated recession.  It  has  been  remarked  aptly  that  the  Horse- 
shoe Falls  is  "committing  suicide."  Not  only  is  this  a  fact,  but 
furthermore,  it  seems  inevitable  that  if  this  destructive  erosion  re- 
mains unchecked  the  crest  will,  in  a  very  few  hundred  years,  have 
receded  to  a  point  where  it  will  receive  the  water  now  flowing  to  the 
American  Falls,  thus  utterly  destroying  this  beautiful  spectacle, 
probably  the  best  single  feature  of  all  the  scenic  wonders  in  the  lo- 
cality. 

62.  Horseshoe  Falls  remedial  works. — The  remedy  is  to  construct 
a  submerged  dam  or  weir  in  the  center  of  the  rapids  just  above 
the  crest  of  Horseshoe  Falls.  This  would  spread  the  water  from 
the  center  of  the  falls  toward  the  ends.  Even  then  it  would  be  ad- 
vantageous, both  to  the  spectacle  and  in  checking  erosion,  to  divert 
more  water  around  the  falls ;  and  this  would  be  available  for  generat- 
ing power.  The  construction  would  be  unusual  and  difficult,  but 
it  is  simple  in  principle  and  there  appears  no  reason  why  it  is  not 
practicable,  or  why  it  would  not  be  reasonably  low  in  cost.  It  is  be- 
lieved that  the  works  should  not  be  designed  until  more  thorough 
surveys  have  been  executed,  and  extensive  experiments  made  on 
large  models. 

63.  It  is  confidently  believed  that  the  wcfrks  as  proposed  would 
greatly  reduce  erosion  of  the  crest  line,  increase  the  beauty  of  the 
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spectacle,  and  at  the  same  time  permit  increased  diversion  for  power 
production.  A  submerged  weir  or  dam  was  first  proposed  in  1906, 
and  the  idea  was  presented  to  Congress  in  1908  in  Senate  Document 
No.  105,  Sixty-second  Congress,  First  session,  page  15,  as  follows : — 

The  dam.  If  properly  planned,  would  serve  to  chnnRe  the  direction  of  the 
flow,  so  as  to  increase  the  streams  that  feed  the  Palls  at  Terrapin  Point  and 
Wit  the  Canadian  shore.  The  decrease  In  the  mighty  volume  that  overflows 
tike  apex  of  the  Horseshoe  would  not  be  m  ticeable.  If  built,  Canada  and  the 
TJ Dlted  States  should  do  the  actual  work  under  some  form  of  international 
agreement  A  very  direct  result  of  the  construction  of  this  submerged  dam 
would  be  a  diminution  in  the  rate  of  recession  of  the  apex  of  the  Horseshoe. 
This  In  Itsdf  is  extremely  desirable. 

64.  American  Falls  remedial  works, — It  is  desirable  that  the  flow 
orer  the  American  Falls  be  increased  slightly,  especially  if  furUier 

diversions  of  water  from  Nia^ra  River  above  the  Falls  are  made. 
The  only  remedial  works  required  for  this  purpose  consist  of  loose 
rock  dumped  on  the  bottom  of  the  river  above  tioat  Island  and  the 
firs(  cascade.  This  dump  is  already  partially  constructed,  and  it  is 
bViies'ed  would  be  completed  by  the  power  companies  without  expense 
to  the  Government,  with  spoil  excavated  from  such  new  power  de- 
velopment works  as  may  be  constructed  later. 

65.  Present  effects  of  diversions  on  the  FaUs  and  rapids. — It  is  in- 
disputable that  the  present  diversions  of  water  from  Niagara  River 
for  power  development  purposes  have  had  some  detrimental  effect 
on  the  Falls,  and  on  the  aepths  of  water  in  Niagara  River  and  Lake 
Erie.  This  has  been  demonstrated  as  a  scientific  certainty.  The 
only  distinctly  visible  effects,  however,  are  at  the  ends  of  the  crest 
of  the  Horseshoe  Falls,  and  even  there  they  are  masked  by  the  effects 
due  to  recession  of  the  apex  of  the  crest  line,  and  by  changes  in 
stage  of  Lake  Erie.  Statements  as  to  the  changed  appearance  of 
the  Falls  are  sometimes  made  by  persons  whose  utterances  carry 
'weight,  either  to  show  that  present  diversions  have  greatly  injurecl 
the  scenic  beauty  of  the  Falls,  or  asserting  the  contrary.  The  mere 
fact  of  these  contradictions  point  to  error.  As  a  matter  of  fact  few 
if  any  of  these  observers  have  taken  into  account  the  changes  in 
stage  of  Lake  Erie  at  Buffalo,  largely  due  to  wind,  which  cause  the 
T'olume  of  flow  over  the  Falls  to  change  from  hour  to  hour,  day  to 
<iay,  and  year  to  year.  Such  an  observer  might  well  have  seen  the 
Falls  on  two  occasions^  on  one  of  which  the  volume  of  flow  due  to  lake 
stage  was  twice  what  it  was  on  the  other  occasion.  Such  statements 
have  no  significance  if  unaccompanied  by  data  as  to  the  prevailing 
stages  of  water.  These  matters  are  brought  out  in  Section  E — 1,  Ap- 
pendix C,  where  many  photographs  illustrative  of  the  facts  are  pre- 
sented. The  injury  already  done,  which  is  not  extensive,  would 
be  repaired  by  the  proposed  remedial  works.  The  effects  of  diversion 
on  the  Whirlpool  and  Lower  Rapids  are  beneficial  up  to  a  certain 
point,  the  si>ectacle  being  greatest  at  moderately  low  river  stages. 

66.  Allowable  diversion  around  the  Falls  and  rapids. — If  the 
remedial  works  whose  design  has  been  outlined  above  are  provided, 
it  is  believed  a  total  diversion  of  80,000  cubic  feet  per  second  may  be 
made  around  the  Falls,  and  40,000  aroimd  the  Whirlpool  and  Lower 
Rapids  without  injury  to  the  scenic  beauty,  and  without  endanger- 
ing the  ice  discharging  capacity  of  the  Falls  or  rapids,  these  diver- 
sions to  be  divided  equally  between  Canada  and  the  United  States. 
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After  these  diyersions  have  been  effected  it  is  quite  possible  that  ob- 
servation will  show  that  further  diversion  is  permissible,  especially 
should  the  possibility  of  utilizing  further  diversions  at  medium  or 
high  stage  only  be  considered.      ^ 

67.  The  quantities  stated  in  the  preceding  para^aph  were  arrived 
at  after  considerable  study,  as  related  in  Appendix  C.  The  effects 
at  low-water  stages  are  the  critical  considerations.  Under  the  very 
infrequent  condition  when  the  total  river  flow  is  130,000  cubic  feet 
per  second  the  flow  over  the  Falls  would  be  50,000  cubic  feet  per 
second,  of  which  5,000  would  pass  over  the  American  Falls.  The 
flow  over  the  Horseshoe  Falls  would  then  be  about  twice  as  large  per 
foot  of  crest  line  as  the  flow  over  the  American  Falls  under  average 
conditions,  and  more  than  three  times  as  large  as  during  this  very 
abnormal  low-water  condition.  The  45,000  cubic  feet  per  second 
flowing  down  the  rapids  above  Horseshoe  Falls  would  provide  50 
per  cent  more  water  per  foot  of  width  of  channel  than  past  experi- 
ence has  shown  necessary  in  the  American  channel  leading  to  the 
American  Falls  for  the  prevention  of  ice  jams.  The  possibility  of 
dangerous  ice  jams  forming  in  the  Whirlpool  Rapids  or  Lower 
Kapids  appears  much  greater  than  in  the  rapids  above  the  Falls.  It 
is  important  also  that  the  scenic  beauty  should  not  be  injured  at  very 
low  stages.  A  careful  study  of  photographs,  profiles,  gauge  records, 
and  other  evidence  leads  to  the  conclusion  that  the  diversions  around 
these  rapids  should  be  limited  to  40,000  cubic  feet  per  second  until 
the  effects  of  this  diversion  can  be  observed. 

68.  Propositions  for  utilizing  diversions  with  greater  economy, — ^It  is 
in  the  realm  of  power  development  that  great  opportunities  lie  for  the 
more  economical  use  of  water  diverted  from  the  Great  Lakes,  and  these 
opportunities  are  greatest,  and  of  most  importance  at  Niagara  Falls. 
Of  the  20,000  cubic  feet  per  second  permitted  by  treaty  to  be  diverted 
from  Niagara  Kiver  on  the  United  otates  side  above  the  Falls,  500  is 
now  allotted  to  the  Hydraulic  Kace  Co.,  of  Lockport,  and  19,500  to 
the  Niagara  Falls  Power  Co.  of  Niagara  Falls,  N.  Y.  The  500  cubic 
feet  per  second  delivered  to  Lockport  is  used  inefficiently  and  inter- 
mittently. As  yet  the  Niagara  Falls.  Power  Co.  does  not  use  all  of 
its  allotted  water  and  of  that  a  part  is  not  yet  utilized  efficiently.  On 
the  average  about  17,290  cubic  feet  per  second  are  used  to  develop 
245,000  horsepower.  This  company  is  now  extending  its  plant  under 
authority  of  the  department,  and  in  partial  compliance  with  recom- 
mendations embodied  in  the  interim  report  of  March  2,  1918.  This 
extension  will  contain  three  large,  modern  generating  units  of 
highest  efficiency,  totaling  100,000  horsepower,  and  will  make  pos- 
sible use  of  the  full  19,500  cubic  feet  of  water  per  second,  and  greatly 
improve  the  efficiency  of  the  plant  as  a  whole.  The  head  used  is 
that  between  the  Chippawa-Grass  Island  pool,  above  the  Falls,  and 
the  Maid-of-the-Mist  Pool,  directly  below  the  Falls.  With  a  further 
extension  of  the  plant  operating  under  this  head,  and  another  ex- 
tension covering  ttie  head  of  Whirlpool  and  Lower  Rapids,  this  di- 
version of  19,500  cubic  feet  per  second  can  be  made  to  produce  a 
total  of  about  580,000  horsepower. 

69.  On  the  Canadian  side  a  diversion  of  36,000  cubic  feet  per 
second  for  power  development  is  allowed  by  treaty.  At  present  it 
is  estimated  that  33,325  cubic  feet  per  second  are  diverted  produc- 
ing 388,570  horsepower,  which  indicates  a  poor  average  efficiency. 
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70.  It  is  to  be  recognized  that  in  the  mattet  of  determining 
methods  for  securing  greater  economy  and  efficiency  of  water  diyer- 
sionSj  Congress  has  indicated  no  apparent  intention  of  delegating 
decision  to  the  Chief  of  Engineers  or  the  Secretary  of  War,  but  has 
provided  in  pending  legislation  for  a  special  Feaeral  Power  Com- 
mission to  exercise  juriiraiction  in  these  matters.  Study  of  methods 
is  howeyer  understood  to  be  called  for  in  this  report. 

71.  Several  schemes  for  further  development  or  improvement  of 
present  pJants   at  Niagara  Falls  have  been   worked   out  in  con- 
siderable detail  during  the  course  of  this  investigation.    They  are 
presented  more  fully  in  Section  F,  Appendix  D,  together  with  out- 
line plans  and  estimates.    What  seemed  to  be  the  best  ideas  and 
suggestions,  from  whatever  source,  were  utilized.     More  than  20 
other  projects  which  were  presented  were  examined  carefully.    Data 
for  these  studies  were  obtained  largely  from  surveys  for  this  inves- 
tig-ation  and  partly  from  the  United  States  Lake  Survey  and  other 
sources. 

72.  The  fundamental  assumptions  as  to  the  general  character 
of  all  the  preliminary  designs  and  estimates  are  set  forth  in  Ap- 
pendix D.  There  also  are  given  the  unit  costs  adopted,  which 
were  arrived  at  with  special  care.  The  matter  of  economic  sizes  of 
principal  parts  of  the  projects  was  given  due  consideration.  It  is 
important  to  note  that  such  power  developments  will  now  cost  prob- 
ably more  than  twice  what  they  would  have  cost  under  the  market 
conditions  of  10  years  ago. 

73.  SmgU'Stage  and  two-stage  projects, — ^The  most  general  divi- 
sion of  proposed  water-power  developments  at  Niagara  Falls  is  into 
single-stage  and  two-stage  projects.  The  former  contemplates  using 
the  water  under  a  single  head  of  about  310  feet,  with  the  generating 
machinery  all  in  one  station.  The  latter  provides  for  dividing  the 
total  head  into  two  parts  at  about  the  level  of  the  Maid-of- the- Mist 
Pool,  using  the  water  first  in  one  station  at  the  side  of  this  pool 
under  a  head  of  about  220  feet,  and  then  again  under  a  head  of  about 
90  feet  in  a  second  station  situated  well  down  in  the  Lower  Gorge 
toward  Lewiston.  A  few  remarks  regarding  the  relative  merits 
of  the  two  schemes  will  be  presented  farther  on. 

74.  Proposed  plant  using  entire'  diversion  and  total  head. — ^Three 
tyx^^s  ^f  Installation  for  utilizing  in  a  single  stage  the  entire  diver- 
sion and  total  head  have  been  considered.  The  first  provides  for 
a  power  house  somewhere  on  the  upper  river  with  water  wheels  in 
a  deep  pit,  the  discharge  from  the  wheels  passing  to  the  lower  river 
through  a  tailrace  tunnel.  The  second  calls  for  an  intake  on  the 
upper  river  and  a  tunnel  from  it  to  a  power  house  in  the  gorge  of 
the  lower  river.  The  third  is  similar  to  the  second,  except  that  the 
tunnel  is  replaced  by  an  open  canal.  Plans  providing  a  combination 
of  these  ideas  are  possible,  but  seem  to  offer  no  advantages. 

75.  TaUrace  tunnel  proposition. — In  such  a  project  the  most  eco- 
nomical location  places  the  intake  and  power  house  in  Upper  Niagara 
Biver  on  or  near  the  shoal  just  upstream  from  Orass  Island,  and  the 
tunnel  outfall  in  the  Lower  Kapids,  not  far  downstream  from  the 
Devils  Hole.  The  location  is  shown  on  Plate  No.  33,  and  certain  gen- 
eral outlines  of  the  desig^  on  Plate  No.  34.  A  sunmiary  of  the  esti- 
mate appears  in  Appendix  D.  The  total  estimated  construction  cost, 
on  the  assumptions  previously  noted,  is  $52,220,000.    The  estimated 
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total  power  output  is  584,000  horsepower,  making  the 
fltruction  cost  $89.40  per  horsepower.    The  estimated 


estimated  con- 
time  of  devel- 
opment is  three  years  for  firstpower  and  five  years  for  completion. 

76.  Pressure  tunnel  proposition, — ^The  economic  location  of  this 
project  is  much  the  same  as  that  of  the  tailrace  tunnel  proposition, 
the  intake  being  on  Grass  Island  Shoal  and  the  power  house  in  the 
Lower  Gorge  below  Hiverdale  Cemetery.  The  general  plan  is  shown 
on  Plate  No.  33  and  outline  details  on  Plates  Nos.  35,  36,  and  37. 
The  total  horsepower  developable  by  this  plant  at  mean  stage  with 
20,000  cubic  feet  per  second  would  be  about  588,000  horsepower.  The 
estimated  cost  is  $50,803,000,  or  $86.40  per  horsepower. 

77.  Power  canal  proposition. — ^A  thorough  study  of  possible  routes 
for  a  power  canal  led  to  the  selection  of  uie  one  indicated  on  Plate 
No.  39  as  the  most  economical.  It  extends  from  an  intake  just  south 
of  Conners  Island  to  Hiverdale  Cemetery,  just  above  Fish  Creek. 
A  heavy  concrete  ice  diverter  is  provided  across  the  canal  entrance. 
The  power  house  in  the  ^orge  is  nearly  identical  w'.th  that  of  the 
pressure  tunnel  proposition.  The  estmiated  total  horsepower  is 
^91,000,  and  estimated  cost  $43,579,000,  making  the  estimated  cost 
per  horsepower  $73.70. 

78.  Comparison  of  preceding  projects, — ^The  above-given  estimates 
•show  the  first  cost  of  the  canal  proposition  lower  than  either  tunnel 
proposition.  The  cost  of  operation  and  maintenance  would  be 
greater,  but  upon  the  assumptions  in  the  estimates,  not  enough  to 
overbalance  the  difference  in  fixed  charges.  The  Tailrace  Tunnel 
plan  has  several  inherent  disadvantages  which  make  it  of  very  doubt- 
ful advisability.  These  are  the  expected  presence  of  considerable 
ground  water  m  the  low-level  tunnel  during  construction,  the  diffi- 
.culty  of  unwatering  the  timnel  in  case  of  accident  or  needed  repairs, 
:and  the  difficulty  of  regulating  surges  in  the  tunnel.  The  most  im- 
portant objection  to  the  Pressure  Tunnel  plan  is  that  it  will  be  neces- 
sary to  shut  down  the  entire  plant  for  a  short  time  and  drain  the 
tunnel  in  order  to  repair  or  remove  obstructions  from  the  penstock 
valves.  This  difficulty  is  not  regarded  as  controlling;  it  could  be 
obviated  by  extending  the  tunnel  up  to  a  surface  fore  bay,  and  using 
long  penstocks,  or  by  other  means.  The  only  formidable  objections 
to  tiie  Power  Canal  plan  is  the  presence  of  an  open  canal  through 
or  near  the  city,  and  the  uncertain  costs  of  maintenance  due  to 
climatic  conditions.  There  is  no  reason,  however,  why  it  could  not  be 
made  less  unsightly  than  the  present  canal,  and,  in  fact,  even  attrac- 
tive in  appearance.  It  would,  however,  partially  prevent  the  use  of 
valuable  land  for  other  purposes,  form  a  dividmg  line  disadvanta- 
geous to  street  and  sewer  systems,  and  cause  the  city  or  the  company 
some  extra  expense  for  building  and  maintaining  bridges  as  the  city 
grew.  Further  consideration  and  comj)arison  of  these  propositions 
are  given  later  when  the  cost  of  production  of  power  is  taken  up. 

79.  Proposed  plants  dividing  diversion^  hut  using  fuU  head  in  one 
stage, — ^Tnere  seems  to  be  no  advantage,  but  rather  a  disadvantage  in 
using  20,000  cubic  feet  per  second  in  two  or  more  plants  under  the 
full  nead  rather  than  in  one  plant.  In  case  of  a  total  diversion  of, 
say,  40,000  cubic  feet  per  second  on  the  American  side  in  a  single 
stage,  the  advisability  of  dividing  this  into  two  plants  should  be 
given  careful  consideration.    For  a  canal  project  one  plant  would 
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appear  preferable,  while  for  a  tunnel  project  the  single  tunnel  would 
be  too  large,  making  m  division  into  two  plants  advisable. 

80.  Proposed  plants  dividing  diverstan  and  dividing  head.-^A, 
number  of  schemes  have  been  proposed  whereby  both  the  head  and 
the  diversion  were  divided  between  several  plants.  There  seems  to 
be  no  advantage  in  any  of  these  as  a  wholly  new  plant.  Of  those 
which  involve  the  retention  of  some  of  the  existing  plants,  only  one 
seemed  to  merit  further  consideration.  The  project  involves  the  re- 
tention and  use  of  the  present  hvdraulic  canal,  and  station  8  of  the 
hydraulic  plant  of  the  Niagara  Falls  Power  Co.,  and  has  been  named 
the  "  Ciompound  two-stage  proposition."  The  upper  stage  portion 
corresponds  closelv  to  the  project  of  the  Hydraulic  rower  Co.,  which 
has  been  approved  by  the  department. 

81.  Compound  two-stage  proposition.^^ThiB  proposition  includes 
retention  and  use  of  present  station  3  of  the  hydraulic  plant  of  the 
Niagara  Falls  Power  Co.,  a  slight  enlargement  of  the  present  hy- 
drauhc  canal  by  deepening,  construction  of  a  tunnel  paralleling  the 
canal  from  Niagara  Kiver  at  Port  Day  to  a  new  power  house  just 
upstream  from  present  station  3,  and  construction  of  a  long  tunnel 
of  large  dmmeter  conducting  the  water  discharged  from  these  power 
houses  to  a  new  power  house  near  Riverdale  Cemetery,  in  the  Ix)wer 
Gorge,  where  it  would  be  used  again  under  a  head  of  about  90  feet. 
A  portion  of  the  upper  stage  part  of  this  project  has  been  under 
construction  since  tfune,  1918,  under  authority  of  the  Secretary  of 
War,  including  deepening  the  present  canal  and  building  a  power 
house  near  station  8  containing  three  generating  units  of  approxi- 
mately 33,000  horsepower  each.  Note  is  made  of  the  fact  that  plans 
and  estimates  have  heen  modified  from  time  to  time  so  that  the  out- 
line plans  and  estimate  herein  presented  do  not  correspond  exactly 
either  to  those  submitted  in  the  interim  report  or  to  those  now  in 
force  at  the  Niagara  Falls  Power  Co.,  successor  to  the  Hvdraulic 
Power  Co.  The  question  of  using  the  water  released  from  the  ^Niagara 
Falls  plant  in  a  single  development  instead  of  as  a  part  of  the  com- 
pound two-phase  development  under  the  approved  plan  is  being  con- 
sidered by  the  Niagara  Falls  Power  Co. 

82.  The  general  outlines  of  the  plans  herein  presented  are  shown 
on  Plates  Nos.  33,  42,  and  45.  The  estimated  cost  of  the  upper  stage 
improvement  is  $21,183,000,  which  represents  a  cost  of  $51.80  per 
horsepower  for  the  total  power  then  available  under  the  upper  stage. 
The  estimated  time  of  development  is  three  and  one- fourth  years  lor 
completion. 

83.  The  lower  stage  portion  of  the  plant  consists  of  a  large  tunnel 
extending  from  the  powerhouses  on  the  shore  of  the  Maid-of -the-Mist 
Pool  to  the  Lower  Gorge  at  Riverdale  Cemetery,  a  power  station  at 
the  lower  end  of  the  tunnel,  and  a  large  spillway  just  upstream  from 
the  lower  powerhouse.  The  estimated  cost  of  the  lower  stage  plant 
is  $34,298,000,  and  the  estimated  total  horsepower  is  164,000,  making 
the  cost  j>er  horsepower  $209.10. 

84.  There  are  several  reasons  why  it  is  preferable  to  take  the 
water  for  the  second  stage  development  directly  from  the  upper 
stage  powerhouses  rather  than  to  permit  these  latter  powerhouses 
to  discharge  into  the  Maid-of-the-Mist  Pool  and  then  to  divert 
the  water  from  this  pool  near  the  railroad  bridges,  thus  saving 
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about  one  mile  of  tunnel  length.  The  first  reason  is,  it  will  avoid 
trouble  with  ice  which  would  undoubtedly  be  very  serious  in  the 
Maid-of-the-Mist  Pool;  second,  it  will  prevent  the  great  losses  in 

Eower,  reduction  in  efficiency,  and  difficulties  of  operation  arising 
pom  the  large  range  of  sta^  of  this  pool;  third,  it  will  avoid  the 
costly  and  dflicult  construction  of  an  intake  which  would  have  to  be 
carried  down  deep  to  provide  against  being  unwatered  when  the 
pool  is  lowered  by  diversions  of  water  around  the  rapids ;  and  fourth, 
it  will  avoid  again  separating  trash  and  weeds  from  the  water. 

85.  For  the  entire  combined  plant  of  the  compound  two-stage 
proposition  the  estimated  cost  is  $55,481,000.  The  power  then  avail- 
able will  be  about  673,000  horsepower,  making  the  cost  $96.80  per 
horsepower  for  the  power  then  available. 

86.  The  critical  element  of  this  scheme  is  the  operation.  By  means 
of  relief  valves,  and  a  by-pass  at  the  upper  plant,  and  also  hj 
proper  electrical  interloclang  of  circuit  breakers  and  controls,  it 
must  be  positively  assured  thut  the  supply  of  water  to  units  operat- 
ing at  the  downstream  powerhouse  does  not  fail  in  order  to  prevent 
great  danger  of  damage  at  the  lower  station. 

87.  Proposed  plants  tmng  full  diversion  but  dividing  head.—X 
two-stage  proposition  independent  of  the  old  power  developments 
was  planned  in  outline,  as  shown  on  Plates  Nos.  33,  46,  47,  and  48, 
and  was  named  the  "  Simple  two-stage  proposition."  Its  upper  stage 
part  is  much  like  the  upper  stage  tunnel  portion  of  the  compound  two 
stage  proposition,  while  the  lower  stage  portions  of  the  two  proposi- 
tions are  almost  identical  except  in  length  of  tunnel.  The  cost  oi  the 
full  development  is  estimated  at  $61,227,000,  the  total  horsepower 
at  580,000,  and  the  cost  per  horsepower  at  $106.60.  The  estimated 
time  of  completion  of  this  project  is  four  and  one-half  years  for  the 
upper  stage  and  four  and  one-fourth  for  the  lower  stage.  They 
might  be  built  simultaneously  or  separately,  as  desired. 

88.  Proposed  power  development  combined  with  ship  caned, — In  an 
earlier  part  of  this  report,  under  the  caption,  "Proposed  navigation 
canals,  jLake  Erie  to  Lake  Ontario,''  mention  was  made  of  various 
routes  for  a  canal  in  United  States  territory  connecting  Lakes  Erie 
and  Ontario,  which  have  been  proposed  durmg  the  past  100  years  or 
more,  and  the  fact  was  brought  out  that  the  La  Salle-Lewiston  route 
proposed  by  the  United  States  Board  of  Engineers  on  Deep  Water- 
ways in  1900  still  offers  the  greatest  advantages  for  such  a  waterway 
ana  the  lowest  cost.  The  estimates  given  in  these  earlier  paragraphs 
cover  a  navigation  canal  only.  The  La  Salle-Lewiston  route  offers  the 
greatest  advantages  also  for  a  combined  power  and  ship  canal.  In 
order  to  provide  for  a  diversion  of  20,000  cubic  feet  per  second  for 
power  through  such  a  canal  without  dangerously  high  currents,  it  is 
necessary  to  make  the  crbss  section  much  larger  than  is  necessary  for 
the  ship  canal  which  provides  for  no  power  development.  The  cross 
section  proposed  is  400  feet  wide  by  30  feet  deep  in  shallow  cuttings, 
and  300  feet  wide  by  40  feet  in  deep  cuttings.  The  mean  current  m 
such  a  canal  would  be  2.3  miles  per  hour. 

89.  Under  the  plans  presented  in  Appendix  D,  and  on  plates  Nos. 
49  to  51,  the  water  for  power  generation  is  taken  from  the  side  of  the 
ship  canal  about  3,000  feet  above  the  upper  locks  through  a  long  row 
of  submerged  arches  piercing  a  massive  concrete  wall.  From  the  inlet 
bay  behind  the  arches  a  short-power  canal  conducts  the  water  to  a 
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fore  bay  at  the  edge  of  the  bluff  just  downstream  from  Elver  dale 
Cemetery.  The  power  house  in  the  Gorge  is  similar  to  that  of  the 
power  canal  proposition.  The  estimatea  cost  of  the  entire  project 
is  $198,412^000,  which  is  $324.70  per  horsepower  for  the  estimated 
total  capacity  of  646,000  horsepower.  The  cost  of  the  part  necessitated 
for  pKjwer  purposes,  including  excavation  of  the  excess  cross  section  of 
canal,  is  estimated  at  $93,0S3,000,  or  $97.50  per  horsepower.  The 
time  of  construction  is  estimated  at  8  to  10  years. 

90.  The  combined  ship  and  power  canal,  described  above,  is  esti- 
mated to  cost  $19,833,000  more  than  the  sum  of  the  costs  of  a  200- 
foot  ship  canal  for  navigation  only,  and  the  power-canal  proposition 
previously  described ;  and  to  produce  20,000  more  horsepower. 

91.  Plants  proposed  by  various  interests. — ^Carefid  consideration 
has  been  given  to  projects  presented  by  the  Hydraulic  Power  Co., 
Niagara  Falls  Power  Co.,  Empire  Power  Corporation,  Hugh  L, 
Cooper  &  Co.,  Lieonard  H.  Davis  for  Union  Carbide  Co.,  Niagara 
Gorge  Power  Co.,  T.  Kennard  Thompson,  and  others.  Many  of 
these  projects  are  of  great  merit,  while  others  appear  to  have  little 
or  none.  Brief  descriptions  and  comments  are  given  in  Appendix  D, 
section  F  9.  It  is  believed  that  there  is  nothing  of  particular  value 
in  the  projects  which  is  not  embodied  in  the  various  propositions 
already  presented,  some  of  the  ideas  already  presented  having  come 
directly  from  the  propositions  submitted  by  the  parties  named  above 
in  this  paragraph. 

92.  Comparison  of  proposed  developments, — Tlie  costs  given  in  the 
preceding  paragraphs  covering  the  various  projects  do  not  include 
the  entire  capital  costs,  nor  even  the  whole  of  what  might  be  termed 
construction  costs.  Thus  the  general  overhead  items,  properly  part 
of  construction  costs,  which  have  been  omitted  in  each  case,  are  costs 
of  promoting  interest  in  the  proposition,  of  obtaining  funds,  of  or- 
ganizing a  managing  company,  and  of  legal  services  involved  in  pro- 
motion, financing,  and  organizing.  The  fundamental  item  of  pur- 
chase of  any  necessarv  rights  from  existing  pK>wer  companies  has 
not  been  included.  The  ^velopment  expense  involved  in  building 
up  a  market  for  power  consumption,  and  making  the  enterprise  a 
going  concern,  also  properly  a  part  oi  capital  cost,  has  been  omitted. 
The  costs  given  are  called  construction  costs.  They  include  pur- 
chase of  necessary  land  and  rights  of  way,  and  construction  required 
in  providing  a  plant  to  produce  electric  energy  at  generator  voltage 
on  the  bus  bars  of  the  power  station.  All  expense  pertaining  to  trans- 
formation and  transmission  of  electric  energy  has  been  omitted. 

93.  The  omissions  just  mentioned  have  appreciable  effects  on  the 
capital  cost  of  each  proposition,  and  are  unecjual  in  their  effects  on 
different  propositions.  There  are  differences  in  the  probable  operat- 
ing costs  also.  To  make  a  comparison  of  the  propositions  which 
takes  into  account  in  so  far  as  possible  the  differences  thus  arising, 
an  estimate  has  been  made  of  tne  cost  of  producing  power  in  eadi 
case. 

94.  Any  proposition  except  the  compound  two-stage,  could  be  made 

a  development  of  a  second  20,000  cubic  feet  per  second,  the  first  20,000 

seoond-feet  having  been  developed,  under  a  two  or  more  permittee 

cooperation  plan.   Assuming  a  load  factor  of  90  per  cent  and  a  power 

Victor  of  90  per  cent  and  omitting  fixed  charges  on  the  original  over* 

iiead  expenses  and  also  fixed  charges  on  the  original  development 
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expense,  the  cost  per  horsepower  per  annimi  on  the  bus  bars  in  the 
power  station  is  estimated  as  shown  in  Table  No.  4: 

Table  No.  4. — Power  development  hy  second  diversion  of  l^fiOO  cubic  feet  per 

second. 


No. 


1 

2 
3 

4 


Proposition. 


-  —  —  -  ■     ^^^^^— «^^^—       -  -  .    . .    ^^ — ^_*__.^ — . — . — ^  ■_--  _    --_^ _^._j     __  ■>        -         ^       _■_- ^  ^ 

Power  Canal  (par.  77) » 

Pressure  Tunnel  (par.  76) 

Tallrace  Tunnel  (par.  75) 

Simple  two-stage  (par.  87) 


Esti- 


cost  per 

boTse- 

pow^eri>er 

aitnnm. 


siaoo 

11.30 
11.  «0 
13. 9t 


These  are  rough  estimates  only,  and  are  not  as  accurate  as  the  con- 
struction cost  estimates  previously  given,  being  based  on  less  reliable 
data.  They  serve,  however,  to  indicate  the  relative  advantages  of  the 
different  propositions  and  are  believed  to  be  worthy  of  careful  con- 
sideration. They  are  probably  all  much  lower  per  horsepower  per 
annum  than  the  ultimate  actual  cost  of  delivering  power  on  the 
premises  of  the  most  favorably  situated  customer,  because  oilEhe 
items  of  cost  which  have  not  been  included. 

95.  It  is  to  be  assumed  that  it  might  be  desirable  to  adopt  a  one-or- 
more-permittee  independent  plan,  under  which  the  first  diversion  of 
20,000  cubic  feet  of  water  per  second  is  to  be  regarded  as  not  de- 
A'eloped.  In  such  case  any  one  of  the  propositions  might  be  employed, 
but  the  costs  would  necessarily  be  increased  by  the  amount  reciuired 
to  compensate  any  interests  involved.  With  tnis  condition  added  to 
the  assumptions  involved  in  table  No.  4,  production  costs  have  been 
estimated  as  shown  in  table  No.  5. 

Table  No.  ^.— Power  development  by  first  diversion  of  20,000  cubic  /ert  per  second. 


No. 


1 

2 

3 

4 

6 


Proposition. 


Ssti- 
mated 
coat  per 


Power  Canal  (par.  77) , 

Pressure  Tunnel  (par.  76). 

Tailrace  Tunnel  (par.  75) , 

Simple  two-stage  (par.  87). 

Compound  two-stage  (par.  81) 


pGfwer 

per 
an&uin.. 


$14.90 
16.30 
16.70 
18.00 
17.00 


The  comments  with  regard  to  Table  No.  4  apply  with  equal  fore© 
to  Table  No.  6. 

96.  Two-stage  versus  single-stage  project, — As  regards  financing, 
a  two-stage  development  has  a  decided  advantage  over  a  sindle-stage 
development  in  that  only  the  upper  stage  need  he  developeaat  first, 
nearly  two-thirds  of  the  total  ultimate  power  being  provided  at 
about  half  the  total  ultimate  cost.  This  is  approximately  true  of 
either  the  compound  or  single  two-stage  propositions,  in  lessening 
the  capital  cost  for  the  time  being  and  thus  keeping  down  the  fixed 
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charges.  Moreover,  first  power  could  be  produced  sooner,  and  less 
unproductive  expenditure  would  have  to  be  carried.  This  would 
lead  to  a  sounder  finanical  condition  during  oonstruction ;  and  so, 
probal^,  to  the  flotation  of  bonds  on  better  terms. 

97.  The  matter  of  fixed  charges  due  to  costs  of  promotion^  organi- 
zation, purchase  of  rights,  development  of  market,  and  going  con- 
cern, enter  into  the  question  of  financing  to  an  extent  not  predeter- 
minable. 

98.  In  discussing  the  various  propositions,  the  production  cost  only 
has  been  dwelt  upon.  A  chance  for  profit  is  essential  to  the  best 
interests  of  such  an  enterprise  in  order  to  induce  men  to  undertake 
the  risks  involved,  and  to  spur  them  on  to  their  best  endeavors.  As 
regards  profits,  and  the  accumulation  of  an  undivided  surplus  avail- 
able for  reinvestment  in  the  development,  during  the  period  of  con- 
structioiiL  the  two-stage  plan  is  superior  to  the  smgle-stage  plan. 

99.  Effect  of  rate  of  power  (^sorption. — In  comparing  the  relative 
merits  of  the  single-stage  and  two-stage  propositions,  a  very  impor- 
tant consideration  is  the  effect  of  rate  oi  absorption  of  power.  By 
rate  of  absorption  of  power  is  meant  the  total  quantity  of  power 
which  will  be  demanded  and  used  in  any  year,  over  and  above  what 
was  used  in  the  preceding  year.  The  estimates  heretofore  given  were 
based  on  wartime  demands  for  power,  assuming  that  any  power 
developed  at  Niagara  Falls  would  find  immediate  use  in  industry  as 
soon  as  it  was  produced.  The  peace  time  rate  of  absorption  in  the 
past  has  been  less  than  half  as  great.  When  power  is  absorbed  less 
rapidly,  construction  interest  ultimately  amounts  to  more.  Tn  this 
respect  the  two-stage  plan  is  decidedly  superior  to  the  single-stage 
filnn,  and  the  advantage  increases  as  the  mte  of  absorption  of  power 
decreases. 

100.  Comparison  of  ultimate  incomes. — ^What  a  hydro-electric  gen- 
erating station  has  to  sell  is  electric  energy,  expressed  in  kilowatt- 
hours,  horsepower  hours,  or  horsepower-years,  and  the  ultimate  num- 
ber of  kilowatt-hours  produced  is  a  measure  of  the  ultimate  income 
obtained.  The  two-stage  proposition  has  an  advantage,  during  the 
first  few  years  after  ooMtruction  is  conmienced,  over  the  single-stage 
proposition,  because  power  is  produced  so  much  sooner.  As  time 
goes  on,  however,  the  single-stage  production  overtakes  and  sur- 
passes, the  two-stage  production  unless  the  rate  of  absK)rption  of 
power  is  very  low.  If  this  comparison  is  made  on  the  basis  of  total 
amount  of  energy  produced  per  dollar  of  oonstruction  cost,  the  power 
canal  proposition  overtakes  the  compound  two-stage  proposition  in 
13^  years,  and  thereafter  surpasses  it.  Such  comparisons  are  depend- 
ent on  the  various  items  of  the  estimates  of  cost  and  time  of  develop* 
ment,  and  are  of  little  value  for  the  reason  that  the  computed  time 
in  which  one  will  overtake  the  other  varies  a  great  deal  with  com- 
paratively slight  changes  in  these  estimates. 

101.  SuTMnary  of  comparison  of  single-stage  and  two-stage  prop- 
ositions.— ^To  sum  up  the  comparison  of  the  single-stage  and  two- 
stage  propositions : 

There  is  shown  In  favor  of  the  single-stage  proposition — 
jL  Lopwer  construction  cost  per  horsepower. 
2L  Lower  unit  coat  ef  power  prodticttoB. 

B.  Greater  total  financial  return  per  dollar  iovested,  except  in  case  absorp- 
tim  of  the  power  developed  takes  place  at  a  very  slow  rate 
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There  Is  shown  In  favor  of  the  two-stage  proposition — 

1.  Increasing  advantage  as  rate  of  power  absorption  decreases. 

2.  Superiority  of  compound  two-stage  proposition  at  very  low  power  absorp- 
tion rate. 

3.  Easier  financing. 

4.  First  power  produced  sooner. 

5.  Better  credit  maintained. 

6.  Total  return  from  sale  of  power  greater  for  first  few  yeara 

7.  In  case  of  suspension  of  construction  activities  before  completion  there 
would  be  (a) smaller  capital  cost  per  horsepower  produced;  (&)  less  unproduc- 
tive expenditures  carried. 

102.  The  foregoing  analysis  indicates  that  for  utilizing  the  present 
authorized  diversion  of  20,000  cubic  feet  of  water  per  second  from 
Niagara  Biver  there  is  very  little  to  choose  between  the  compound 
two-stage  proposition  and  the  power  canal  proposition. 

103.  The  study  further  shows  that  for  a  second  deyelopment,  de- 
signed to  utilize  an  additional  and  similar  diversion  of  20^000  cubic 
feet  per  second,  a  power  canal  proposition  similar  to  that  presented 
is  less  costly  than  any  other. 

104.  The  power  canal  proposed  would  not  be  navigable,  and  it 
could  not  properly  be  made  a  part  of  a  navigable  waterway.  No 
combination  or  power  development  with  navigtu)le  canal  from  upper 
to  lower  river  is  justifiable  on  the  basis  of  power  production.  The 
La  Salle  to  Lewiston  route  is  the  best  for  a  ship  canal.  It  would  be 
cheaper  to  construct  this  canal  of  200-foot  width  and  30-foot  depth 
for  navigation  use  only,  and  also  construct  the  canal  for  power  pur- 
poses omy,  than  to  construct  the  combined  power  and  ship  canaL 
(Par.  90.) 

105.  Previously  in  this  report,  it  has  been  pointed  out  that  40,000 
cubic  feet  of  water  per  second  may  safely  be  diverted  around  the 
Whirlpool  and  Lower  Rapids,  this  being  the  total  for  both  sides. 
The  wisdom  of  diverting  anv  more  in  the  light  of  the  present  knowl- 
edge is  doubted,  and  it  is  felt  that  this  amount  should  be  diverted 
first,  and  observation  of  the  resultant  effects  noted  before  further 
diversions  are  permitted.  ^  It  was  also  pointed  out  that  at  least 
80,000  cubic  feet  of  water  per  second  might  be  diverted  around  the 
Falls  from  the  Chippawa-Grass  Island  Pool  to  the  Maid-of-the-Mist 
Pool,  this  latter  diversion  being  permissible  only  on  condition  that 
adequate  remedial  works  be  constructed  just  above  Horseshoe  Falls. 

106.  In  dealing  with  the  question  of  the  development  of  power 
at  l^iagara  Falls  the  purpose  of  this  report  has  been  to  so  present 
the  actual  conditions  as  they  exist,  the  possible  solution  of  the  prob- 
lem as  deduced  from  those  conditions  and  the  solutions  presented 
by  interested  parties  independently,  as  to  enable  the  constituted  au- 
tnority  to  take  such  action  either  on  the  whole  subject  or  any  one 
phase  of  it,  as  may  seem  best. 

107.  Ejects  of  diversions  upon  lake  levels. — ^It  is  well  understood 
by  engineers  who  have  studied  the  question,  that  each  of  the  Great 
Lakes  constitutes  a  natural  storage  basin  discharging  through  an 
outlet,  and  that  any  increased  flow  of  water  from  the  basin  through 
an  enlarged  original  outlet,  or  through  a  new  outlet,  causes  a  lowering 
of  the  lake  suriace.  Such  increased  flow  is  a  diversion  of  water  from 
the  lake.  The  amount  of  lowering  can  not  be  measured  directly  by 
water  gauges  on  the  lakes,  as  the  elevation  of  the  lake  surface  is  sub- 
ject to  constantly  varying  fluctuations  due  to  various  other  causes. 
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If,  however,  the  laws  goveming  the  disdiarge  of  the  connecting  rirerB 
are  known,  the  amount  of  lowering  can  be  omipiited  by  simple 
mathematical  processes.  These  discharge  laws  have  been  determined 
by  the  United  States  Lake  Survey  from  a  long  series  of  measure- 
ments on  the  outflow  rivers. 

108.  The  outlets  an  the  lakes. — ^The  outlet  of  Lake  Superior  is 
through  the  St.  Marys  River.  The  natural  flow  of  this  river  has 
been  changed  by  the  construction  of  the  piers  of  the  International 
Sailroad  Bridge,  by  filling  in  along  both  shores,  by  the  construction 
of  canals  and  locks  on  both  sides  of  the  river,  by  the  diversion  of 
water  for  power  development,  and  by  the  construction  of  regulating 
works.  At  the  present  time  only  about  26  per  cent  of  the  original 
cross-section  of  tlie  rapids  and  33  per  cent  of  the  discharging  ca- 
pacity is  open  to  free  flow.  Present  plans  and  construction  con- 
template further  extension  of  the  regulating  works  to  the  full 
width  of  the  open  river.  When  these  are  complete  the  outflow  from 
Lake  Superior  will  be  brought  under  full  control. 

109.  The  natural  outlet  of  Lakes  Michigan  and  Huron  is  through 
the  St.  Clair  River.  This  river  has  but  little  fall,  and  the  discharge 
from  the  lake  depends  not  only  upon  the  elevation  of  Lake  Huron 
but  also  upon  that  of  Lake  St.  Clair,  which  in  turn  is  affected  by 
changes  in  the  elevation  of  Lake  Erie.  There  appears  to  have  been 
no  important  change  in  the  regimen  of  this  river  during  the  last 
24  years. 

110.  Lake  St.  Clair  discharges  through  the  Detroit  River.  This 
river  is  of  the  same  type  as  the  St.  Clair  and  its  flow  depends  upon 
the  elevations  of  Lake  St.  Clair  and  Lake  Erie.  Comparatively  few 
discharge  measurements  have  been  made  on  this  river,  and  its  hy- 
draulic relations  are  not  as  accurately  kaown  as  those  of  the  other 
rivers.  There  is  some  evidence  that  a  change  in  the  regimen  of  this 
river  occurred  about  1890.  Another  change  was  made  by  the  build- 
ing of  the  Livingstone  Channel  cofferdam  m  1908.  When  the  coffer- 
dam was  opened  in  1912  it  was  found  that  the  remaining  portions 
of  the  dam  and  the  various  dumps  compensated  for  the  excavation 
of  the  channel,  and  the  discharge  laws  were  the  same  as  before  the 
cofferdam  was  built. 

111.  The  Niagara  River  is  the  natural  outlet  of  Lake  Erie.  The 
discharge  of  this  river  depends  upon  the  elevation  of  Lake  Erie,  but 
is  modified  somewhat  by  the  diversion  of  water  from  the  river  itself. 
Only  very  minor  changes  in  the  regimen  of  this  river  have  occurred 
in  recent  years. 

112.  The  natural  outlet  of  Lake  Ontario  is  throurfi  the  St.  Law- 
rence River.  The  controlling  section  is  the  Galop  Rapids,  the  dis- 
charge of  which  is  governed  by  the  elevation  of  Lake  Ontario.  Va- 
rious works  in  connection  with  the  Canadian  improvements  to  naviga- 
tion have  altered  the  regimen  of  these  rapids  materially  at  different 
times.     Since  1903  conditions  have  remamed  constant. 

113.  The  discharge  equations  of  all  these  rivers  have  been  deter- 
mined by  the  United  States  Lake  Survey,  and  are  presented  in  Sec- 
tion G  2  of  Appendix  E. 

114.  Efect  of  ice  on  rvver  "flow  and  lake  levels. — The  equations  for 
determining  the  flow  through  the  various  connecting  rivers  of  the 
Great  Lakes  system  apply  only  during  open  season  conditions.  Dur- 
ing the  winter  months,  when  there  is  more  or  less  ice  in  the  rivers,  the 
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flow  is  retarded,  this  retardcktion  amounting  in  some  of  the  rivers 
at  times  to  as  much  as  50  per  cent  of  the  normal  flow.  During  the 
three  winter  months  the  flow  of  the  St.  Marys  Biver  is  retarded  on 
the  average  to  the  extent  of  about  3,800  cubic  feet  per  second.  The 
effect  on  Lake  Superior  is  only  a  few  hundredths  of  a  foot. 

115.  On  the  St.  Clair  and  Detroit  Rivers  the  effects  of  ice  are 
more  serious.  Jams  or  blockades  are  of  frequent  occurrence,  and  at 
times  hold  back  large  quddititie^  of  water.  The  estimated  effect  for 
the  two  rivers  is  a  reduction  in  tl^  yearly  mean  flow  amounting  to 
about  10,000  cubic  feet  per  second.  The  effect  is  to  raise  the  level 
of  Lake  Huron  during  the  winter  months  and  lower  Lake  Erie. 
During  the  summer  an  increase  in  the  river  flow  results  which  tends 
to  restore  the  normal  levels,  but  before  equilibrium  is  attained  an- 
other winter  intervenes,  and  thus  Lake  Huron  is  maintained  at  a 
higher  level  than  it  would  be  if  no  ice  were  formed. 

116.  The  ice  effect  on  the  Niagara  River  is  not  very  well  de- 
termined, but  is  known  to  be  auite  smalL  The  estimate  i£i  that  it 
keeps  the  yearly  mean  stage  ox  Lake  Erie  about  seven-hundredths 
of  a  foot  hiffher  than  it  would  otherwise  be. 

117.  On  the  St.  Lawrence  River  a  good  deal  of  data  as  to  the  ice 
effect  is  available.  The  total  ice  effect  is  estimated  to  be  equivalent 
to  a  reduction  of  4,400  cubic  feet  per  second  in  the  yearly  mean  dis- 
charge. This  leaves  Lake  Ontario  high  in  the  spring,  but  owing 
to  the  small  area  and  large  outflow  of  the  lake,  normal  conditions 
are  practically  restored  before  the  following  winter. 

118.  The  question  of  ice  effect  has  not  always  been  well  understood, 
and  its  incorrect  treatment  has  in  the  past  often  led  to  erroneous 
conclusions  regardinj^  the  hydrology  ox  the  Great  Lakes  system. 
An  admirable  analysis  of  these  effects  is  given  in  section  G3  of  Ap- 
pendix E. 

119.  Hydrological  data, — ^An  analysis  of  the  hydrology  of  the 
Great  Lases  was  made.  This  was  based  on  extensive  rainfall  records 
of  the  United  States  and  Canada,  the  stream  run-off  reports  of  the 
United  States  Geological  Survey  and  the  Hydro-Electric  Power 
Conunission  of  Ontario,  and  the  river  discharge  measurements  and 
water  gauge  records  of  the  United  States  Lake  Survey.  The  net 
supply  for  each  lake  was  computed  for  the  period  1905-1914,  in- 
clusive, and  from  this  the  outflow  during  the  same  period  was  sub- 
tracted. The  result  was  the  evaporation  from  the  lake  surface. 
These  evaporation  values  are  reasonably  consistent  among  themselveg:, 
and  agree  with  the  meager  evaporation  data  available.  This  indi- 
cates that  the  adopted  discharge  formulas  are  consistent,  and  that 
there  are  no  otoss  discrepancies  or  omissions  in  the  hydrologic  data. 

These  stu<nes  are  described  and  the  results  tabulated  in  section 
G  4  of  Appendix  E.  . 

120.  E fleets  of  present  diversions, — The  ultimate  effect  of  diver- 
sions upon  the  levels  of  the  lake  from  which  they  are  drawn  is  a  func- 
tion of  the  rate  of  diversion  and  of  the  law  of  aischarge  through  the 
main  outlet.  When  these  are  known  the  lowering  effect  of  tne  di- 
version can  be  computed.  The  discharge  laws  are  well  determined 
from  the  lake  survey  measurements,  and  the  rates  of  diversion  have 
been  carefully  estimated  from  all  the  available  data.  Using  these 
quantities  the  effects  on  the  different  lakes  have  been  computed  for 
high,  mean,  and  low  stages  of  the  lakes. 
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121.  With  conditions  as  they  were  in  1896,  Lake  Superior  would 
have  beed  lowered  nearly  8  feet  hj  the  present  diversions  for 
power  and  navi»tion.  That  the  surface  has  not  been  so  lowered  is 
due  to  various  obstructions  placed  in  the  rapids,  including  the  con- 
trolling works.  It  is  expected  that  when  the  controlling  works  are 
completed,  and  the  several  power  canals  are  enlarged  to  ultimate 
proposed  capacity,  the  needs  of  navigation  can  be  served,  a  minimum 
of  iOyOOO  cubic  feet  per  second  can  be  used  for  power,  and  the  level 
of  Laie  Superior  can  be  regulated  within  a  maximum  range  of  2.5 
feet,  and  ordinarily  within  a  range  of  1.5  feet,  or  between  elevations 
602.1  and  603.6. 

122.  The  only  diversion  from  Lake  Michigan-Huron  which  has 
any  important  effect  upon  lake  levels  is  that  of  the  Sanitary  District 
of  Chicago.  This  diversion  through  the  Chica^  Drainage  Canal 
amounts  to  a  yearlj  average  of  about  8,800  cubic  feet  per  second. 
An  ultimate  diversion  of  14,000  cubic  feet  per  second  through  this 
canal  and  through  the  Calumet-Sag  branch,  now  under  construction, 
is  contemplated.  The  diversion  at  Chicago  causes  a  lowering  of  all 
water  levels  from  the  lower  sills  of  the  locks  at  Sault  Ste.  Marie 
to  tide  water  in  the  St.  Lawrence  Biver.  The  amount  of  lowering 
eaused  by  the  present  diversion  at  mean  stage  is  shown  in  table 
No.  6. 

« 

Tablb  No.  6. — Lowering  in  feet  at  mean  etage  due  to  present  divernom  of  water  from 

the  Great  Lakes, 
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123.  From  Lake  Erie  the  Welland  Canal  diverts  about  4^500  cubic 
feet  per  second,  and  the  Black  Kock  Ship  Canal  about  700  cubic  feet 
per  second.  These  diversions  lower  Lakes  Michigan,  Huron,  St. 
Clair,  and  Erie.  At  Niagara  Falls  six  different  companies  use  water 
for  power  development.  Some  of  these  cause  a  lowering  in  Lakes 
Michigan,  Huron,  St.  Clair,  and  Erie,  while  others,  which  divert 
water  below  the  first  cascade,  have  only  a  local  effect.  The  amount  of 
these  lowerings  is  given  in  Table  No.  6. 

121.  There  are  no  diversions  from  Lake  Ontario  or  the  upp^  St. 
Lawrence  Biver  excmt  a  small  amount  for  the  Canadian  canals. 
The  building  of  the  Gut  Dam  in  1903  has  permanently  raised  these 
waters  by  about  0.50  foot.  Below  the  Oalop  Bapids  there  are  several 
diversions  which  cause  local  lowering  in  certain  parts  of  die  SL 
Lawrence. 

125.  The  whole  matter  of  the  effects  of  present  diversions  upon 
lake  levels  is  treated  in  Section  G  5  of  Appendix  E. 

126.  E-ffects  of  fnyposed  dwer^ians. — ^Tne  effects  of  the  proposed 
increases  in  the  diversions  at  Sault  Ste.  Marie  will  be  compieteljr 
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neutralized  by  the  operation  of  the  completed  controlling  works. 
At  Chicago  the  proposed  increase  of  the  diversion  to  14,000  cubic 
feet  per  second  would  increase  the  present  lowering  by  more  than  50 
per  cent.  The  completion  of  the  new  Welland  Canal  and  the  in- 
creased use  of  the  Barge  Canal  will  cause  farther  lowerings.  If 
the  diversion  at  Niagara  Falls  be  ultimately  increased  to  80,000 
cubic  feet  per  second  and  no  compensating  works  provided,  there 
would  be  a  very  large  lowering  of  the  river,  and  a  notable  amount 
in  the  lakes  alJove.  The  computed  lowering  at  mean  gta^  which 
would  result  from  the  various  proposed  diversions  is  shown  m  Table 
No.  7. 

Table  No.  7. — Effect  in  feet  at  mean  stage  of  proposed  diversione  from  the  Oreai  Laka. 
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This  matter  is  treated  at  greater  length  in  section  G  6  of  Appen- 
dix E. 

127.  Remedial  works. — These  lowerings  of  the  lake  levels  cause 
a  serious  loss  to  the  navigation  interests  and  the  general  public,  the 
nature  and  amount  of  which  is  discussed  later  in  this  report.  The 
restoration  and  maintenance  of  the  natural  levels  therefore  becomes  a 
matter  of  importance. 

128.  There  are  three  general  methods  by  which  a  restoration  of 
depths  on  the  lakes  may  be  sought — first,  the  deepening  of  all  harbors 
and  channels  affected  by  the  artificial  lowering  of  water  levels ; 
second,  the  construction  of  regulating  works  in  the  outlets  of  the 
lakes  to  raise  the  levels  of  the  lakes  and  to  control  their  elevations 
within  fixed  limits;  third,  the  contraction  of  the  outlets  by  means  of 
fixed  obstructions  which  will  raise  the  levels  of  the  lakes  without 
^eatly  affecting  their  natural  fluctuations. 

129.  The  first  method  is  considered  altogether  too  expensive,  and 
has  other  unsatisfactory  features.  It  is  recommended  omy  for  a  few 
special  cases.  The  second  has  frequently  been  proposed,  but  upon 
investigation  it  is  found  to  be  less  simple  than  it  appears.  It  in- 
volves obstructions  to  navigation  and  difficulties  with  ice.  More- 
over, it  has  been  shown  that  efficient  regulation  of  one  lake  tends  to 
aggravate  the  fluctuations  of  those  below  it.  This  system  has  been 
adopted  at  the  Soo,  where  circumstances  are  particularly  favorable 
to  it,  but  its  suitability  for  the  lower  lakes  is  problematical.  The 
third  method  is  the  cheapest  and  simplest,  and  is  considered  the 
most  desirable.  It  is  already  operating  successfully  in  the  case  of  the 
Gut  Dam. 
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130.  In  section  6  7  of  Appendix  E  the  works  needed  at  various 
plaoes  to  compensate  for  the  effects  of  all  diversions,  present  or  pros- 
pective, are  considered  in  some  detail  It  is  concluded  that  the  project 
is  entirely  feasible  and  that  the  expense  will  not  be  excessive  in 
view  of  the  benefits  received.  The  works  involved  include  wing  walls 
or  other  methods  of  narrowins  the  channels  at  the  head  of  each  of 
the  St.  Lawrence  Rapids,  a  long  submerged  rock  weir  above  the 
rapids  at  Niajrara  Falls,  and  a  series  of  sudi  weirs  near  the  head  of 
the  Niagara  Biver  and  in  the  upper  reaches  of  the  St.  Clair  Biver. 
To  effect  the  required  deepening  in  Lake  St.  Clair  and  at  the  head  of 
the  Detroit  Biver  it  was  thought  Uiat  dredging  would  be  most  satis- 
factory. 

131.  The  design  of  these  works  suggested  above  must  be  preceded 
by  extensive  surveys  and  studie&  The  building  of  models  on  a  fairly 
large  scale  for  experimentation  prior  to  final  adoption  of  designs 
Appears  desirable.  The  construction  of  the  final  works  should  be  pre- 
ceded and  accompanied  by  the  maintenance  of  a  number  of  automatic 
nvater  gauges  at  critical  points  on  the  rivers.  It  is  highly  desirable 
Chat  these  gauges  be  installed  as  soon  as  possible  in  order  that  sev- 
eral years'  records  may  be  available  before  construction  is  com- 
menced. 

132.  Economic  efect  of  diversions  upon  navigation, — ^The  Great 
Lakes  system  forms  one  of  the  world's  greatest  highways  for  water- 
borne  transportation.  The  Great  Lakes  fleet  moves  more  than  100,- 
000,000  tons  of  freight  each  season.  The  greater  part  of  this  com- 
merce is  in  the  so-c^ed  ^^  bulk  freight,"  consisting  of  iron  ore,  coal, 
grain,  and  limestone.  This  is  carried  in  a  peculiar  type  of  vessel 
known  as  the  ^^  bulk  freighter."  The  bulk  freighters  are  highly  spe- 
cialized boats  which  have  been  developed  by  the  conditions  of  the 
lake  trade.  These  vessels  are  from  280  to  625  feet  in  length  and 
have  a  carrying  capacity  of  from  3,000  to  15,000  short  tons.  Most 
of  them  can  be  loaded  to  a  draft  of  about  ^  feet.  Thev  are  the 
most  economical  carriers  in  the  world,  their  rates  usually  oeing  less 
than  one-tenth  of  a  cent  per  ton-mile,  and  sometimes  only  a  third  of 
that  amount.  Bail  rates  are  several  times  as  much,  often  being  at 
least  10  times  the  water  rates.  The  annual  saving  over  the  cost  of 
moving  this  same  freight  by  rail  exceeds  a  quarter  of  a  billion 
dollars. 

133.  Under  the  conditions  of  100  years  aso,  the  only  ships  which 
could  navigate  the  Great  Lakes  system  and  enter  the  harbors  were 
small  vessels  drawing  about  5  feet  of  water.  The  United  States  has 
spent  about  $135,000,000  in  improving  the  harbors,  deepening  and 
straightening  the  channels,  and  building  locks  on  the  St.  Marys  and 
Niagara  Bivers.  The  Canadians  have  done  similar  work  on  a  smaller 
scale.  As  a  result  there  is  now  available  a  ship  channel  through  and 
between  the  upper  lakes  with  a  controlling  depth  of  21  feet  at  mean 
stage.  All  the  important  harbors  have  corresponding  depths.  From 
Lake  Erie  through  the  Welland  Canal,  Lake  Ontario,  and  the  St. 
Lawrence  Eiver  to  tidewater  at  Montreal,  the  controlling  depth  is 
14  feet. 

134.  The  immense  traffic  of  the  Great  Lakes  is  a  direct  result  of 
these  improvements  of  navigation,  and  the  movement  of  such  large 
amounts  of  freight  at  such  low  rates  is  directly  due  to  the  greater 
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depths  thus  made  available.  Vessel  owners  keep  close  track  of  the 
stage  of  water,  and  take  advantage  of  every  {>enod  of  high  stage  to 
load  their  boats  to  greater  draft.  During  times  when  low  stages 
prevail  they  are  correspondingly  handicapped  and  the  carrying  ca- 
pacity of  the  fleet  is  materially  reduced. 

135.  As  already  shown,  the  existing  diversions  of  water  from  the 
Great  Lakes  have  caused  a  considerable  lowering  of  the  lake  levels^ 
and  further  diversions,  with  consequent  further^owerings,  are  con- 
templated. The  average  loss  caused  by  a  reduction  of  one-tenth  of 
a  foot  in  the  available  draft  amounts  to  $44.57  for  one  trip  of  a  bulk 
freighter  on  the  upper  lakes^  or  $590,000  per  year  for  the  whole  fleet. 
For  the  smaller  vessels  engaged  in  trade  through  the  Welland  and 
St.  Lawrence  Canals  the  average  loss  caused  by  a  lowering  of  one- 
tenth  of  a  foot  is  $41.40  for  each  trip  and  $70,000  per  year  for  the 
whole  fleet. 

136.  The  amounts  by  which  the  various  lakes  have  already  been 
lowered  by  existing  diversions  have  been  given  in  Table  No.  6.  The 
total  loss  to  the  bulk  freight  trade  caused  by  this  lowering  is  esti- 
mated at  $4,713,000  per  year.  If  all  the  contemplated  diversions 
listed  in  Table  No.  7  should  be  effected  the  resulting  lowering  would 
increase  the  annual  loss  to  $7,825,000. 

137.  Of  the  loss  now  occurring,  $2,866,000  per  year  is  due  to  the 
diversion  of  8,800  cubic  feet  per  second  by  the  Sanitary  District  of 
Chicago.  This  is  60  per  cent  of  the  total  loss  and  is  $326  per  year 
for  each  cubic  foot  per  second  of  diversion.  The  diversion  of  the 
power  companies  at  Niagara  Falls  taking  water  from  points  above 
the  first  cascade,  equivalent  in  effect  to  the  diversion  of  23,000  cubic 
feet  per  second  from  the  Chippawa-Grass  Island  Pool,  causes  an 
annual  loss  of  $526,000.  This  is  11  per  cent  of  the  total  loss  and  is 
$23  per  year  for  each  cubic  foot  per  second  of  effective'  diversion. 

138.  The  total  loss  to  navigation  amounts  to  a  direct  tax  upon  the 
transportation  of  iron  ore,  coal,  and  ^rain — ^that  is,  upon  steel,  fuel^ 
and  lood,  three  fundamental  necessities  of  modern  life.  The  Great 
Lakes  traffic  is  an  absolutely  essential  part  of  the  American  steel 
industry,  and  plays  an  important  part  m  the  distribution  of  grain 
and  coal.  The  bulk  freighter  of  tne  lakes  carries  each  year  about 
80  per  cent  of  the  Nation's  production  of  iron  ore,  more  tnan  20  per 
cent  of  the  combined  wheat  crops  of  the  United  States  and  Canada, 
and  about  5  per  cent  of  the  coal  production  of  the  United  States. 
The  cost  of  all  these  products  to  the  general  public  is  increased  by 
the  diversions. 

A  thorough  study  of  this  subject  is  presented  in  Appendix  H, 
Section  I. 

139.  Effect  upon  riparian  interests. — ^The  effect  of  diversions  of 
water  from  the  Great  Lakes  upon  riparian  interests  on  these  lakes 
and  their  connecting^  waters  is  small.  The  lower  lake  levels  uncover 
a  slightly  greater  width  of  beach,  but  this  is  usually  neither  an  ad- 
vantage nor  a  disadvantage  to  the  riparian  owner.  In  a  few  places, 
notably  on  Maumee  and  Saginaw  Bays  and  at  St.  Clair  Flats,  there 
is  lowland  which  is  somewhat  increased  in  value  when  low  staiges  of 
the  lakes  permit  the  harvesting  of  marsh  hav.  There  is  also  a  small 
amount  or  low-lying  land  which  is  very  valuable  for  truck  garden* 
ing,  but  is  so  low  that  in  years  of  high  stage  it  is  too  wet  for  use. 
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Any  lowering  of  the  lake  levels  works  to  the  advantage  of  the  own- 
ers of  these  lands. 

140.  In  the  sheltered  waters  of  the  Great  Lakes  the  lowering  of 
water  levels  works  serious  hardship  to  many  of  the  riparian  owners. 
In  such  places  there  are  a  great  many  boathouses,  dredged  slips, 
and  small  private  docks.  These  are  built  to  suit  the  prevailing  stages 
of  the  lake,  and  their  value  is  much  impaired  at  low  stages. 

141.  With  the  data  at  hand  it  is  impossible  to  evaluate  these  vari- 
ous advantages  and  disadvantages  of  the  effects  of  diversions.  The 
experience  of  the  War  Department  has  been  that  many  more  com- 
plaints are  received  because  of  low  stage  than  because  of  high.  It  is 
believed  that  this  matter  of  riparian  interests  constitutes  but  a  very 
minor  part  of  the  problem  of  lake  levels.  It  is  discussed  in  somewhat 
g;reater  detail  in  Section  H  2  of  Appendix  F. 

142.  Value  to  Chicago  of  its  dvoersiory. — ^In  Section  B  3  of  Ap- 
pendix F  the  question  of  the  value  to  Chicago  of  its  diversion  is 
treated.  There  are  no  unbiased  data  covering  this  matter  in  exist- 
ence, and  the  estimates  herein  given  are  based  upon  the  testimony 
of  the  expert  witnesses  of  the  Sanitary  District  of  Chicago  in  the 
case  of  the  United  States  v.  the  Sanitary  District  of  Chicago.  The 
ex  parte  nature  of  this  testimony  is  at  least  partly  counteracted  by 
tlie  rise  in  wages  and  prices  which  has  occcurred  since  these  witnesses 
made  their  studies. 

143.  The  ^neral  estimate  arrived  at  was  that  the  present  diversion 
of  8,800  cubic  feet  per  second  has  a  value  to  the  city  of  Chicago  of 
about  $7,000,000  a  year,  or  $800  per  cubic  foot  per  second  per  annum. 

144.  VcLlue  to  the  public  of  the  effect  on  power  production. — ^The 
various  diversions  which  are  used  to  develop  electric  power,  produce 
power  at  a  much  lower  cost  than  is  possible  with  plants  developing 
power  from  coal.  It  is  estimated  that  a  new,  300- foot  head  plant  at 
Niagara  Falls  could  sell  large  blocks  of  continuous  power  at  the 
switchboard  at  generator  voltage  for  $19  per  horsepower-year,  while 
a  steam-electric  station  of  the  most  modem  type  would  have  to  charge 
$50.70  for  the  same  class  of  power.  The  saving  by  the  use  of  hy- 
draulic power  is  $31.70  per  horsepower-year,  or  ^34  a  year  for  each 
cubic  foot  per  second  diverted. 

145.  The  present  Niagara  developments  are  less  efficient  than  those 
proposed  and  develop  much  less  power  from  a  given  diversion.  The 
value  of  the  water  which  they  now  divert  is  ^imated  at  $500  per 
cubic  foot  per  second,  or  about  $25,000,000  a  year  for  the  total 
diversion  of  the  five  companies  at  the  Falls. 

146.  In  addition  to  this  saving  of  money,  there  is  a  further  value 
in  the  conservation  of  the  coal  supply  of  the  Nation,  and  in  the 
great  impetus  which  cheap  power  gives  to  the  various  electro-chem- 
ical industries. 

147.  The  other  power  diversions  on  the  (Jreat  Lakes  have  a  value 
similar  in  nature,  but  less  in  amount,  than  those  at  Niagara  Falls. 

148.  Comparison  of  effects  and  values. — The  various  studies  pre- 
sented in  the  earlier  parts  of  Section  H  show  that  the  present  diver- 
sion of  8,800  cubic  feet  per  second  through  the  Chicago  Drainage 
Canal  has  an  estimated  value  to  the  people  of  the  Sanitary  District 
of  Chicago  of  perhaps  $7,000,000  a  year.  This  diversion  damages 
some  riparian  interests  and  is  of  value  to  others.    On  the  whole, 


94       DIVEBSION  OF  WATER  FROM  GREAT  LAKES  AKD  IHAGAKA  RIVER. 

riparian  interests  are  probably  more  damaged  than  benefited.  The 
damage  to  the  shipping  trade  of  the  Great  Lakes  is  estimated  at 
$2,866,000  a  year. 

149.^  It  appears  that  at  present  the  total  benefits  derived  from  the 
diversion  exceed  the  total  damages  about  in  the  ratio  of  6  to  2,  but 
unfortunately  the  benefits  and  damages  are  not  received  by  the  same 
people.  It  is  no  satisfaction  to  the  one  who  is  injured  to  be  assured 
that  some  one  else  is  benefiting  in  a  greater  degree.  A  reasonable 
expenditure  by  the  Sanitary  district  for  compensating  works  will 
be  sufficient  to  remedy  nearly  all  the  harmful  results  in  so  far  as  navi- 
gation interests  are  concerned.  Complete  estimates  of  the  cost  of 
compensation  were  not  made,  but  $500,000  a  year  should  certainly 
be  sufficient  to  care  for  compensation  for  the  Chicago  diversions  for 
the  next  one  or  two  decades.  If  the  time  comes,  however,  as  it  may 
in  20  or  30  years,  when  the  diversions  at  Niagara  Falls  are  limited 
because  of  the  lack  of  water  in  Niagara  Eiver,  the  value  of  water  at 
Niagara  Falls  will  have  to  be  charged  against  the  Chicago  diversion. 
This  has  been  given  as  $834  per  cubic  foot  per  second  per  annum, 
the  value  to  Chicago  being  only  $800.  How  these  values  would 
change  during  the  next  20  or  30  years  is  a  matter  of  speculation,  but 
it  seems  reasonable  to  suppose  that  the  value  of  coal  will  increase, 
making  water  power  more  valuable,  while  advancements  in  sanitary 
science  will  render  the  use  of  water  for  sewage  dilution  less  urgent, 
and  hence  less  valuable.  A  similar  case  may  arise  in  connection  with 
St.  Lawrence  power  developments.  It  thus  appears  that  in  due 
course  of  time  the  value  of  this  diversion  per  cubic  foot  per  second 
is  likely  to  be  much  greater  than  at  present  for  power  uses  along 
the  Niagara  and  St.  Lawrence  Rivers  than  for  sanitation  at  Chicago 
and  power  development  in  Illinois. 

150.  In  case  of  the  Niagara  diversions  the  beneficial  results  of 
the  diversion  are  three  or  four  times  as  great,  while  the  damage  done 
is  only  one-fifth  as  much.  The  estimated  figures  are — ^benefite,  $25,- 
000,000  per  annum ;  damages,  $526,000  per  annum.  The  aimual  cost 
of  compensating  for  the  enect  of  these  diversions  is  only  a  few  thou- 
sand dollars. 

151.  The  other  diversions  are  of  minor  importance.  In  each  case 
the  damage  done  is  small  and  the  estimated  cost  of  compensation  is 
small.  This  cost  could  easily  be  borne  by  those  who  receive  the 
benefit  of  the  diversion. 

152.  The  adjustment  of  these  conflicting  interests  hinges  mainly 
on  the  settlement  of  the  long-continued  dispute  about  the  Chicago 
diversion.  On  the  one  hand  are  the  needs  of  our  greatest  inland 
city  under  its  present  system  of  sewage  disposal.  On  the  other  hand 
are  all  the  riparian,  power,  and  navigation  interests  of  Lakes  Michi- 
gan, Huron,  St.  Clair,  Erie,  and  Ontario  and  also  of  the  St.  Marys 
Kiver  below  tiie  locks,  and  the  St.  Clair,  Detroit,  Niagara,  and  the 
St.  Lawrence  Rivers.  The  Sanitary  District  does  not  dispute  the 
fact  that  other  sanitary  measure  can  be  adopted,  and  that  other  lake 
cities  not  situated  near  the  summit  of  a  divide  are  being  driven 
to  adopt  them;  it  ar^es  only  that  the  expense  is  enormous  and 
prohibitive.  The  Sanitary  District  no  longer  denies  injury  to  navi- 
gation on  the  lakes,  and  to  riparian  owners,  including  those  along 
tnousands  of  miles  of  lake  and  river  shores  in  Canada;  it  claims 
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only  that  the  actual  injniy  is  comparatively  slight,  and  much  less 
than  the  amount  claimed  by  the  Federal  Government. 

153.  If  conditions  could  be  restored  to  those  existing  in  1890,  and 
the  city  of  Chicago  should  ask  permission  to  divert  water  for  use  in 
such  a  sewage  disposal  system  as  they  now  have,  the  request  would 
and  should  m  refused.  It  would  undoubtedly  appear  that  the  bene- 
fits to  be  obtained  would  not  be  c(»nmensurate  with  the  damage 
which  would  be  caused.  If  the  question  were  to  be  decided  solely  on 
the  basis  of  the  most  economical  use  of  the  waters  of  the  Great  Liakes 
the  solution  would  involve  restriction  of  the  diversion  to  the  amount 
required  for  purposes  of  navigation,  and  adoption  of  other  methods 
of  sewage  disposal. 

154.  Unfortunately  the  matter  can  not  be  disposed  of  in  such 
simple  manner.  The  vast  sums  of  money  invested  by  the  district 
demand  some  protection,  and  the  city  can  not  properly  be  deprived 
of  its  dilution  water  until  some  other  method  of  protecting  its  water 
supply  has  been  provided.  It  might  be  possible,  under  Congressional 
sanction,  to  arrange  a  program  for  the  gradual  reduction  of  the 
diversion  and  retiring  of  the  bonds,  together  with  a  corresponding 
development  and  substitution  of  a  sjr^em  of  sewage  disposal  by 
screening,  filtration,  sterilization,  and  similar  processes. 

155.  -fiiother  solution  would  be  the  authorization  of  a  permanent 
diversion  through  the  Drainage  Canal  sufficient  in  amount  to  satisfy 
the  present  needs  of  the  disposal  system,  the  district  agreeing  that 
this  amount  would  never  be  increased  and  that  the  needs  of  the  future 
growth  of  the  city  would  be  satisfied  by  some  different  method.  Con- 
sideration should  be  given  to  the  fact  that  under  the  existing  system 
a  diversion  of  nearly  10,000  cubic  feet  per  second  is  occasionally  re- 
quired to  prevent  the  run-off  from  violent  storms  from  entering  the 
lake,  with  consequent  pollution  of  the  water  supply.  Under  this 
plan  the  district  would  be  required  to  pay  for  the  construction, 
operation,  and  maintenance  of  remedial  works  which  would  maintain 
normal  lake  levels  and  prevent  the  diversion  from  damaging  navi- 
gation or  riparian  interests,  thus  compensating  the  paramount  in- 
terest of  navigation;  and  a  license  fee  should  be  charged  to  com- 
pensate the  general  public  for  the  loss  of  the  waterpower  which 
could  be  developed  by  the  use  of  this  water  along  the  N  iagara  and 
St.  Lawrence  Rivers,  this  to  be  based  in  general  upon  the  difference 
in  the  available  heads. 

156.  International  matters  involved. — ^Previous  to  the  appointment 
of  the  International  Waterways  Commission  there  was  no  interna- 
tional supervision  of  the  use  of  the  waters  of  the  Great  Lakes.  In 
each  country  such  diversions  as  were  desired  were  made  without  con- 
sulting the  other  country,  and  usually  without  any  thought  of  the 
possibility  of  causing  any  damage  to  any  one.  In  the  early  days 
most  of  the  diversions  were  small  and  the  international  interests 
were  affected  chiefly  in  theory  rather  than  by  the  infliction  of  any 
actual  damage.  It  is  not  recalled  that  either  country  felt  itself  ag- 
grieved by  any  diversion  made  outside  its  boundaries. 

157.  Between  1890  and  1905  this  state  of  affairs  was  radically 
altered.  The  construction  of  the  Chicago  Drainage  Canal,  and  of 
the  large  power  developments  at  Sault  Ste.  Marie  and  Niagara 
Falls,  aroused  public  interest  in  the  use  of  lake  waters,  while  the 
occurrence  of  unusually  low  lake  stages  in  the  early  nineties  alarmed 
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the  shipping  interests.  Studies  of  the  relation  between  diversion 
and  lake  lowering  were  undertaken  by  the  Government.  In  1902 
the  International  Waterways  Commission  was  appointed  to  consider 
such  matters,  and  its  action  resulted  in  the  negotiation  of  the  treaty 
of  1910  and  the  appointment  of  the  International  Joint  Commission. 
158.  The  International  Waterways  Commission  laid  down  the  fol- 
lowing general  principles  applicable  to  the  diversion  of  water  from 
the  Great  Lakes  : 

1.  In  aU  navigable  waters  the  use  for  navigation  purposes  Is  of  primary  and 
paramount  right.  The  Great  Lalces  system  on  the  boundary  between  the  United 
States  and  Canada  and  finding  its  outlet  by  the  St  Lawrence  to  the  sea  should 
be  maintained  in  its  integrity. 

2.  Permanent  or  complete  diversions  of  navigable  waters  or  their  tributary 
streams  should  only  be  permitted  for  domestic  purposes  and  for  the  use  of 
locks  in  navigation  canals. 

8.  Diversions  can  be  permitted  of  a  temporary  character  where  the  water  is 
taken  and  returned,  when  such  diversions  do  not  interfere  In  any  way  with 
the  interests  of  navigation.  In  such  cases  each  country  is  to  have  a  right  to 
diversion  in  equal  quantities. 

******  « 

6.  A  permanent  Joint  commission  can  deal  much  more  satisfactoiily  with  the 
settlement  of  all  disputes  arising  as  to  the  application  of  these  principles  and 
should  be  appointed. 

169.  In  the  above  the  term  "  permanent  diversions  "  is  understood 
to  mean  diversions  from  the  Great  Lakes  system  to  some  other  water- 
shed (e.  g.  the  diversion  at  Chicago),  while  "diversions  of  a  tem- 
porary character  "  is  taken  to  mean  diversions  of  water  vehich  is  re- 
turnea  to  the  Great  Lakes  system  (e.  g.  the  diversions  at  Niagara 
Falls) .  The  term  "  domestic  purposes^'  is  understood  to  cover  all 
ordinary  sanitary  uses. 

160.  To  these  principles  another  may  well  be  added,  as  follows: 

Diversions  of  water  from  tributaries  of  the  Great  Lakes,  unless  the  water  is 
returned  to  the  same  tributary,  shall  be  considered  as  diversions  from  the  Iake& 

161.  Principle  1  is  generally  recognized  by  all  the  parties  inter- 
ested. Principle  2  is  not  disputed,  but  it  is  coming  to  be  recognized 
that  when  such  diversions  are  large  they  necessitate  the  construction 
of  remedial  works  which  will  prevent  any  serious  lowering  of  the 
lake  leveLs  being  caused  by  them. 

162.  Principle  3  has  been  applied  to  the  diversions  at  Sault  Ste. 
Marie,  and  is  recognized  as  a  correct  general  principle.  The  present 
treaty  with  Great  Britain,  however,  makes  an  exception  in  the  case 
of  the  Upper  Niagara  River  and  allows  a  diversion  of  36,000  cubic 
feet  per  second  in  Canada  and  only  20,000  cubic  feet  jjer  second  m 
the  United  States.  There  were  good  reasons  for  this  discrimination 
at  the  time  the  treaty  was  framed,  but  some  of  them  no  longer  exist 
and,  if  the  remedial  works  described  in  Appendix  C  are  built,  the 
situation  will  be  completely  altered  and  their  will  remain  no  reason 
why  an  equal  division  of  diversions  under  principle  3  should  not  be 
made. 

163.  There  are  Canadian  diversions  from  Lake  Erie  across  the 
Niagara  Peninsula  to  Lake  Ontario,  and  another  one  is  proposed. 
Equal  American  diversions  from  Lake  Erie  to  Lake  Ontario  as  al- 
lowed by  principle  3  would  be  possible,  but  from  an  economic  stand- 
point they  would  be  undesirable.  For  this  reason  it  is  felt  that  no 
further  Canadian  diversions  of  this  character  should  be  allowed, 
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and  that  the  existing  diversions  should  be  limited  to  the  present 
amounts. 

164.  Principle  6  has  been  accepted  by  both  countries,  and  the  In- 
ternational Joint  Commission  has  been  in  existence  for  several  years. 

165.  The  principle  that  diversions  from  tributaries  be  considered 
to  be  diversions  from  the  lakes  is  needed  in  the  interest  of  clearness. 
It  has  usually  been  followed  without  comment  in  discussions  of  the 
lake  levels  problem,  but  it  was  not  incorporated  in  the  treaty.  With- 
out it  there  is  a  possibility  of  frustrating  the  purpose  of  the  treaty 
bv  making  large  diversions  from  tributaries  in  cases  where  the  In- 
ternational Joint  Commission  would  have  forbidden  them  if  they 
were  made  directly  from  the  lake.  In  such  cases  the  court  procedure 
provided  might  well  be  unsatisfactory  to  those  claiming  aamage. 

166.  The  construction  and  maintenance  of  compensatmg  or  regu- 
lating works  is  another  matter  which  requires  international  action. 
Such  works  would  affect  lake  levels  within  the  boundaries  of  both 
coimtries.  They  have  often  been  proposed  to  correct  lake  lowerings 
which  were  the  result  of  several  diversions,  some  in  one  country  and 
some  in  the  other.  It  appears  desirable  that  such  works  should  be 
constructed  under  joint  supervision  and  paid  for  by  an  equitable 
international  apportionment  of  the  cost. 

16T.  The  same  statements  apply  to  the  remedial  works  in  the 
Horseshoe  Rapids,  which  are  described  in  Appendix  C. 

168.  TTcaty  provisions. — Matters  pertaining  to  the  diversion  of 
water  fram  boundary  waters  between  the  United  States  and  Canada 
are  now  controlled  by  a  treaty  ratified  on  May  5,  1910.  The  text 
of  this  treaty  is  quoted  in  full  in  Section  1 2  of  Appendix  G.  In  the 
interest  of  clearness,  and  to  avoid  possible  future  complications,  it 
is  deemed  advisable  to  modify  Articles  II  and  III  of  tnis  treaty  so 
as  to  extend  the  jurisdiction  of  the  International  Joint  Commission 
to  cover  the  diversion  of  water  from  streams  and  lakes  tributary  to 
boundary  waters. 

169.  Article  V  of  the  treaty  deals  with  the  diversions  of  water 
from  the  Niagara  River  for  power  production.  For  reasons  given  in 
Appendix  6,  the  considerations  which  caused  the  unequal  division 
of  water  between  the  two  countries,  as  provided  in  this  article,  are 
no  longer  operative.  Under  plans  outlined  in  Appendices  C  and  D 
a  much  greater  diversion  than  that  authorized  in  Article  V  can  be 
allowed,  while  at  the  same  time  the  scenic  preservation  will  be  cared 
for  in  the  best  possible  manner.  A  new  treaty  should  provide  for 
the  diversions  stated  in  Appendix  C,  namely,  each  country  to  be 
allowed  to  divert  20,000  cubic  feet  per  second  around  the  Falls  and 
Lower  Eapids,  and  20,000  cubic  feet  per  second  additional  around 
the  Falls  alone.  It  would  be  well  to  provide  also  for  the  possibility 
that  operation  under  this  plan  may  show  still  greater  diversions  to 
be  permissible. 

170.  A  modification  of  the  introductory  sentence  of  Article  V  is 
also  desirable.  It  now  reads  that  the  parties  consider  that  ^4t  is 
expedient  to  limit  the  diversion  of  waters  from  the  Niagara  Biver 
so  that  the  level  of  Lake  Erie  and  the  flow  of  the  stream  shall  not  be 
appreciably  affected."  It  is  an  historical  fact  that  one  of  the  chief 
reasons  for  the  negotiation  of  this  treaty  was  the  desire  to  preserve 
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the  scenic  beauty  of  the  Falls  and  rapids ;  therefore  this  reason  might 
well  be  added  to  those  given  in  the  text  quoted. 

171.  In  the  attempt  to  operate  large  hydroelectric  plants  very 
close  to  an  authorized  limit  of  diversion,  occasional  accidental  peak 
loads  may  cause  an  unintentional  overstepping  of  the  limit.  If 
these  are  not  permitted  the  plant  must  habitually  be  operated  at  les& 
than  the  allowed  load,  thus  reducing  the  total  output  of  power. 
For  this  reason  it  would  seem  that  the  treaty,  and  the  permits  is- 
sued under  it,  should  not  penalize  such  occasional  accidental  excess 
diversions. 

172.  It  is  believed  that  no  modification  of  the  treaty  will  be  re- 
quired in  order  to  allow  the  construction  of  compensating  works 
other  than  the  "  remedial  works  "  in  the  Horseshoe  Kapids.  Such 
matters  can  be  handled  by  joint  legislative  action  in  the  two  coun- 
tries, and  by  the  International  Joint  Commission. 

173.  Interests  of  various  States. — Eight  of  our  States  and  two 

f)rovin€es  of  the  Dominion  of  Canada  iu)ut  upon  the  waters  of  the 
Treat  Lakes  and  St.  Lawrence  River,  and  are  affected  by  diversions 
of  these  waters.  Six  other  States  on  the  Mississippi  Siver  below  the 
point  where  the  diversion  of  the  Chicago  Drainage  Canal  is  received 
nave  at  least  a  theoretical  interest  in  that  diversion.  These  States 
and  provinces  have  a  total  population  of  about  61,000,000  people, 
containing  53  per  cent  of  the  population  of  the  continental  Umted 
States  ana  63  per  cent  of  the  population  of  the  Dominion  of  Canada. 

174.  The  State  of  Missouri  claimed  a  vital  interest  in  the  Chicago 
diversion  on  the  ground  that  it  endangered  the  health  of  residents  of 
St.  Louis  and  otner  places.  When  they  sought  relief  by  a  suit  in 
equity,  the  Supreme  Court  of  the  United  States  dismissed  the  suit 
"  without  prejudice  "  on  the  ground  that  the  plaintiffs  had  failed  to 
prove  damage.  It  is  not  impossible  that  the  case  may  some  day  be 
reopened. 

175.  The  other  States  on  the  Mississippi  have  but  a  theoretical 
interest  in  the  Chicago  diversion.  The  aia  which  it  affords  to  low- 
water  navigation  is  very  small  above  the  mouth  of  the  Missouri 
Eiver  and  trifling  below  that  point.  The  additional  height  of  floods 
which  it  causes  is  of  no  practical  importance. 

176.  The  States  abutting  on  the  Great  Lakes  all  suffer  damage 
from  the  diversions  made  in  two  of  them,  namely,  Illinois  and  New 
York.  The  nature  and  extent  of  this  damage  has  already  been  dis- 
cussed. 

177.  Such  controversies  as  arise  from  these  diversions,  where  a 
number  of  States  are  damaged  by  diversions  which  benefit  another 
State  appear  to  fall  within  the  jurisdiction  of  the  Federal  Govern- 
ment. This  view  has  not  always  been  accepted,  and  the  claim  of 
Illinois  that  the  diversion  of  water  from  the  lake  adjacent  to  its 
shores  is  a  purely  domestic  matter  with  which  neither  the  United 
States  nor  any  single  State  can  interfere,  except  in  a  damage  suit, 
is  now  before  a  Federal  court.  It  is  hoped  that  a  decision  in  this 
case  (United  States  of  America  v.  The  Sanitary  District  of  Chicago) 
will  afford  a  permanent  settlement  of  this  question. 

178.  The  State  of  New  York  has  admitted  the  riffht  of  the  United 
States  to  place  a  limit  on  the  diversions  of  water  from  the  Niagara 
Eiver,  but  insists  that  the  only  right  of  the  Federal  Government  is 
to  fix  a  limit  to  the  total  diversion,  and  that  it  is  within  the  province 
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of  the  State  to  allot  this  diversion  to  various  power  companies  or 
utilize  the  diversion  itself,  and  to  regulate  the  manner  in  which  it 
may  be  used. 

The  contrary  view  k  that  the  Government  may  grant  permits  for 
certain  parts  of  the  diversion  and  may  make  such  permits  condi- 
tional upon  the  attainment  of  certain  ^ciencies,  the  maintaining  of 
certain  rates,  or  the  observance  of  any  other  conditions  it  sees  fit 
to  impose.  This  latter  view  would  appear  to  be  more  in  accordance 
with  the  trend  of  recent  legislation,  and  recent  decisions  of  the 
Supreme  Court. 

179.  R€tie  control  and  reoidation. — ^The  water  power  of  the  Niagara 
River  constitutes  a  natural  monopoly.  The  amount  of  power  devel- 
opable there  will  always  be  limited,  and  can  always  be  sold  profitably 
at  a  price  much  lower  than  the  average  cost  of  power  throughout  the 
country.  Therefore  th^^  can  never  be  any  permanent  condition 
of  competition  among  the  various  companies  developing  Niagara 
power,  and  the  natural  operation  of  economic  laws  will  not  of  itself 
keep  the  rates  down  to  a  reasonable  figure.  When  new  power  houses 
are  built  a  temporary  situation  may  occur  in  which  there  is  more 
power  capacity  than  the  existing  market  can  absorb,  and  for  a  time 
vigorous,  and  even  destructive,  competition  might  exist,  but  such 
a  condition  could  not  continue.  In  a  few  years  a  market  sufficient  to 
use  the  total  output  of  the  power  plants  would  be  built  up,  and  non- 
com  j>etitive  conditions  would  return.  The  only  survival  of  the  period 
of  competition  would  be  such  long-term  contracts  as  mi^ht  have 
been  made  for  power  at  unprofitf3)ly  low  rates,  and  sudi  excess 
charges  to  new  customers  as  might  be  made  in  an  attempt*  to  make 
good  the  defideneies. 

180.  It  is  apparent,  therefore,  that  the  privilege  of  developing  the 
water  power  or  the  Niagara  River  will  always  constitute  a  monopoly. 
Whether  that  privilege  be  concentrated  in  the  hands  of  a  single  com- 
pany or  divided  among  a  number  of  independent  concerns  will  have 
no  effect  upon  its  monopolistic  character,  nor  will  it  make  any  per- 
manent difference  in  the  selling  price  of  power,  except  that  the  lesser 
overhead  costs  of  a  single  large  companv  might  enable  such  a  con- 
cern to  do  a  profitable  business  at  a  slightly  lower  rate. 

181.  It  has  become  a  well  establish^  principle  in  this  country  that 
the  rates  charged  by  a  monopolistic  or  semi -monopolistic  public 
service  corporation  ought  to  be  controlled  and  regulated  bv  some 
executive  branch  of  the  State  or  National  Governments.  This  prin- 
ciple applies  with  full  force  to  the  corporations  developing  Niagara 
power.  The  proper  basis  for  rate  making  by  any  regulating  com- 
mission is  usually  expressed  by  saying  that  the  company  shall  receive 
a  "  fair  return  upon  the  fair  value  "  of  its  property. 

182.  Becammended  treaty  provisions. — ^It  is  recommended  that  the 
treaty  with  Great  Britain  proclaimed  May  13, 1910,  be  modified  in  the 
following  particulars : 

(1)  TnsA  the  wording  of  the  treaty  be  altered  to  extend  the  juris- 
diction of  the  International  Joint  Commission  to  include  diversions 
from  tributaries  of  boundary  waters  except  in  the  case  of  diversions 
from  a  tributary  which  are  returned  to  the  same  tributary. 

(2)  ITiat  the  words,  "the  scenic  beauty  of  the  Falls  and  rapids/' 
be  inserted  in  the  first  sentence  of  Article  V  after  the  word  "  Erie." 
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(3)  That  the  diversion  of  water  from  Niagara  River  below  the 
Falls  be  specifically  limited  in  the  same  manner  as  the  diversion  from 
the  Niagara  River  above  the  Falls. 

(4)  That  the  treaty  provide  for  the  construction  and  maintenance 
of  remedial  works  of  the  nature  outlined  in  Section  E  of  this  report : 
such  works  to  be  built  under  the  supervision  of  the  International 
Joint  Commission,  or  of  some  other  international  body  created  for 
the  purpose ;  the  remedial  works  to  be  so  designed  and  constructed 
that  the  scenic  beauty  of  the  Falls  will  be  restored  and  preserved 
when  80,000  cubic  feet  of  water  per  second  is  diverted  from  the 
ISiiagara  River  above  the  Falls;  the  expense  of  constructing  arid 
maintaining  said  works  to  be  borne  equally  by  the  high  contract- 
ing parties. 

(6)  That  the  limits  of  diversion  from  the  Niagara  River  above 
the  Falls  which  the  high  contracting  parties  may  permit  within  their 
respective  jurisdictions  be  raised  from  20,000  cubic  feet  of  water  per 
second  on  the  United  States  side  to  40,000  cubic  feet  of  water  per 
second,  and  from  36,000  cubic  feet  of  water  per  second  on  the  Cana- 
dian side  to  40,000  cubic  feet  of  water  per  second. 

(6)  That  20,000  cubic  feet  per  second  of  the  water  so  diverted  upon 
each  side  of  the  river  shall  be  returned  to  the  Niagara  River  at  some 
point  or  points  upstream  from  turning  point  numW  134  of  the  inter- 
national boundary  line  adopted  August  15, 1913,  by  the  International 
Waterways  Commission  under  Article  I V  of  the  treaty  between  the 
United  States  of  America  and  the  United  Kingdom  of  Great  Britain 
and  Ireland,  signed  April  11,  1908;  and  that  if  any  part  of  the  re- 
maining diversion  be  returned  to  the  Niagara  River  at  any  point  an 
equal  or  smaller  amount  may  be  again  diverted  from  any  point  far- 
ther down  stream. 

(7)  That  the  limits  mven  above  be  stipulated  to  apply  to  the 
amount  actually  diverted  at  anv  instant,  and  that  accordingly  the 
words  " in  the  aggregate"  and  "daily  "  be  stricken  out  of  Article  V^ 
of  the  present  treaty  wherever  they  occur ;  that  it  be  recognized  that 
small^  orief ,  accidental  violations  of  the  provisions  of  a  diversion 
permit  must  be  allowed  if  the  holder  of  the  permit  is  to  obtain  the 
full  value  thereof,  and  that  therefore  such  violations  shall  be  per- 
mitted under  such  regulations  as  the  International  Joint  Commission 
shall  provide. 

(8)  That  five  years  after  the  completion  of  the  remedial  works  the 
international  Joint  Commission,  or  some  other  body  constituted  for 
the  purpose,  shall  inform  the  high  contracting  parties  whether  or  not, 
in  its  opinion,  further  diversions  of  water  from  the  Niagara  River 
for  power  development  can  be  made,  either  continuously  or  inter- 
mittently, without  serious  injury  to  the  scenic  beauty  of  the  Falls  and 
rapids,  the  integrity  of  the  river  as  a  boundary  stream,  or  appre- 
ciable lowering  of  lake  levels.  That,  if  this  opinion  be  favorable  to 
the  further  diversion  of  water,  the  commission  or  body  shall  in- 
dicate the  amount  of  further  diversion  which  may  properly  be  al- 
lowed, and  the  conditions  by  which  permits  should  he  limited. 

183.  Recom/mended  use  of  diveraions. — ^In  regard  to  the  use  of  the 
various  diversions  of  water  from  the  Great  Lakes  and  Niagara  River, 
the  following  recommendations  are  made. 

(1)  That  no  change  be  made  in  the  method  of  dealing  with  di- 
versions whose  primary  use  is  for  navigation  purposes. 


DIVEBSION  OF  WATEB  FROM  GREAT  LAKES  AND  NIAGARA  RIVER.     101 

(2)  That  Federal  oontrol  of  the  diversion  at  Chicago  and  in  the 
vicinitjr  be  established  by  such  measures  as  are  necessary,  provided 
the  United  States  courts  do  not  uphold  the  present  apparent  right 
of  the  Federal  Government  to  regulate  the  diversions  there;  the 
Sanitary  District  of  Chicago  being  permitted  to  divert  from  Lake 
^lichigan  and  its  tributaries  a  total  quantity  of  water  not  exceeding 
at  any  time  a  flow  of  10,000  cubic  feet  per  second;  under  the  con- 
ditions that  the  Secretary  of  War  shall  supervise  the  diversions  as 
he  deems  best,  that  the  expense  of  supervision  shall  be  paid  for 
promptly  at  stated  intervals  by  the  Sanitary  District  of  Chicago, 
that  no  dangerous  conditions  shall  be  created  in  navigable  waters, 
that  the  Samtary  District  agrees  to  be  responsible  for  any  damage 
claims  arising  because  of  the  diversion,  that  it  shall  pay  its  share 
as  determined  by  the  Secretary  of  War  of  the  cost  of  such  compen- 
satiiijg  works  as  the  Federal  Government  considers  necessary  because 
of  diversions  of  water  from  the  Great  Lakes  system,  that  it  agrees 
not  to  request  or  make  any  diversion  in  excess  of  that  herein  stated, 
that  it  shall  pay  to  the  United  States  for  water  used  for  power  pur- 
poses at  a  rate  per  cubic  foot  to  be  based  upon  the  relative  value  of 
the  power  as  developed  and  that  which  could  have  been  developed  by 
its  use  at  Niagara  Falls,  N.  Y.,  and  along  the  St.  Lawrence  River,  and 
that  it  does  all  in  its  power  to  secure  any  State  authority  needed  to 
enable  it  to  undertake  the  establishment  of  provisions  for  sewage 
disposal  other  than  by  dilution  and  when  so  enabled  provides  as 
rapidly  as  necessarv  such  sewage  disposal  facilities  as  are  needed  to 
care  for  the  growth  of  the  district. 

(3)  That  consideration  be  withheld  on  all  proposals  for  water 
diversions  for  combined  navigation,  power,  ana  sanitary  purposes, 
unless  of  far  reaching  importance  and  effects  and  consistent  with 
plans  approved  by  the  International  Joint  Commission  as  remedial 
against  we  pollution  of  boundary  waters. 

(4)  That  the  present  method  of  controlling  the  power  diversions 
at  Sault  Ste.  Marie  be  not  disturbed. 

(5^  That  the  total  diversion  through  the  Welland  Canal  for  power 
development  be  limited  strictly  to  the  present  amount. 

(6)  That  the  diversion  through  the  New  York  State  Barge  Canal 
for  power  development  be  limited  to  the  500  cubic  feet  per  second  now 
allowed. 

(7)  That,  as  soon  as  a  treaty  has  been  negotiated  with  Great 
Britain  along  the  lines  indicated  in  section  (k),  additional  permit  or 
permits  be  granted  so  as  to  make  the  permitted  diversion  from 
rfiagara  River  above  the  Falls  on  the  United  States  side  40,000  cubic 
feet  per  second,  one-half  of  which  is  returned  to  the  river  in  the  Maid- 
of-the-Mist  pool. 

(8)  That  the  Secretary  of  War,  the  International  Joint  Commis- 
sion, or  a  special  board  of  engineers  be  requested  to  prepare  plans  and 
estimates  m  detail  for  a  comprehensive  system  of  compensating 
works  for  restoring  the  levels  of  all  the  lakes  and  their  outflow  rivers, 
these  plans  to  be  submitted  to  the  International  Joint  Commission  for 
approval,  with  the  intent  that  such  works  be  constructed,  and  paid  for 
jointly  by  the  United  States  and  Canada. 

184.  It  is  fitting  and  proper  to  formally  acknowledge  the  valuable 
services  rendered  m  the  conduct  of  this  investigation  and  in  the  prepa- 
ration of  the  report  thereon  by  Mr.  W.  S.  Richmond,  Assistant  En- 
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fineer,  by  First  Lieut.  Albert  B.  Jones^  Engineers,  United  States 
Lrmy,  and  by  Maj.  Robert  S.  Hardy,  Engineers,  United  States  Army. 
Mr.  Kichmond  has  devoted  himself  untinn^y  and  loyally  to  the  work 
from  its  beginning  and  to  his  ability  and  energy  are  due  in  large 
measure  any  merit  in  its  results.  Lieut.  Jones  has  contributed  to  the 
work  a  high  degree  of  skill  and  intelligence  particularly  in  the  elabor- 
ate computations  on  comparison  of  power  projects  and  in  his  r^)ort 
on  the  preservation  of  the  scenic  oeauty  of  Niagara  Falls.  Maj. 
Hardy,  who  was  under  my  directi(m  but  a  short  time,  and  then  in 
addition  to  other  important  duties,  rendered  valuable  assistance. 

185.  Acknowledgment  is  made  of  the  many  courtesies  extended 
by  the  of&cials  of  the  Dominion  of  Canada  and  of  the  Province  of 
Ontario  in  furnishing  information  and  in  extending  facilities  for 
visiting  works  under  their  control  under  war  conditions. 

186.  Acknowledgment  is  also  made  to  the  officials  of  the  depart- 
ment of  public  works  of  the  State  of  New  York  and  of  the  State 
engineer's  office  for  important  information. 

187.  Valuable  cooperation  and  assistance  was  also  rendered  by  the 
district  engineers  of  the  several  engineer  districts  on  the  Great  I^kes, 
particularly  by  Asst.  Engineer  F.  G.  Ray,  in  charge  of  the  United 
States  Lake  Survey. 

188.  To  the  officials  of  the  power  companies  at  Niagara  Falls,  N.  Y., 
and  Canada,  I  am  indebted  for  many  courtesies  and  much  valuable 
information. 

189.  Acknowledgment  is  also  made  for  valuable  suggestions  from 
Hugh  L.  Cooper  &  Co.,  R.  D.  Johnson,  consulting  engineer,  Allis- 
Chalmers  Manufacturing  Co.  and  I.  P.  Morris  &  Go. 

J.  G.  Wabren, 
Colonel^  Corps  of  Engineers^  Vmted  States  Army. 
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DESCRIPTION  OF  DIVERSIONS. 


[Sections  A,  R,  and  C  of  Mr.  Ricbmond'8  report.] 

From :  W.  S.  Richmond,  assistant  engineer. 
To :  The  Division  Engineer,  Lakes  Division,  Buffalo,  N.  Y. 
Subject:  Transmitting  report  on  investigation  of  water  diversion 
from  Great  Lakes  and  Niagara  River. 

1.  There  is  submitted  herewith  repoit  on  investigation  of  water 
diversion  from  Great  Lakes  and  Niagara  River. 

2.  It  is  divided  into  nine  sections,  as  follows : 
Section  A :  Diversions  for  navigation  purposes. 
Section  B :  Diversions  for  sanitary  purposes. 
Section  C:  Diversions  for  power  purposes. 
Section  D :  Field  and  office  operations. 

Section  F:  Propositions    for    utilizing    diversions    with    greater 
economy. 

Section  G :  Effects  of  diversions  on  lake  levels. 

Section  H :  Economic  value  of  diversions. 

Section  I :  International  and  interstate  matters  involved. 

Section  K :  Recommendations. 

Section  L :  Acknowledgments. 

W.  S.  Richmond, 
Assistant  Engineer. 


SCOPE  OF  REPORT. 

This  report  treats  of  diversions  of  water  from  the  Great  Lakes, 
whether  for  navigation,  sanitary,  or  power  purposes.  All  diversions 
of  sufficient  magnitude  to  be  considered  worthy  of  mention  have 
been  included,  a  statement  of  the  character,  quantity,  and  effect  of 
each  being  given  as  briefly  as  seemed  consistent  with  clearness. 
Both  ]:)re8ent  and  proposed  diversions  are  considered.  Comparatively 
little  is  given  of  the  voluminous  historical,  technical,  and  legal 
details  involved,  although  the  main  points  are  presented.  The 
major  portion  of  the  report  is  devoted  to  the  Niagara  diversions. 

The  territory  involved  in  a  comprehensive  consideration  of  these 
diversions  is  the  entire  drainage  area  or  basin  of  the  Great  Lakes 
above  St.  Re^s,  N.  Y.,  66  miles  above  Montreal,  the  place  at 
which  the  St. HLawrence  River  passes  entirely  into  Canada.  This 
area  is  approximately  800,000  square  miles,  of  which  69.6  per  cent 
lies  on  the  United  States  side  of  the  international  boundary  line. 
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The  total  area  is  somewhat  larger  than  that  of  Texas,  and  about  1^ 
times  the  size  of  France.  The  land  area  on  the  United  States  side 
of  the  line  is  greater  than  the  combined  area  of  the  New  England 
States  and  New  York  State.  It  includes  practically  the  whole  of 
the  State  of  Michigan  and  portions  of  Minnesota,  Wisconsin,  Illinois, 
Indiana,  Ohio,  Pennsylvania,  and  New  York.  The  land  area  on  the 
Canadian  side  comprises  a  large  part  of  the  Province  of  Ontario. 
The  population  of  the  basin  area  is  estimated  to  be  15,000,000,  of 
which  about  2,000,000  are  in  Canada.  At  least  16  cities  of  over 
60,000  population  are  located  within  its  boundaries.  The  water 
surface  area  alone  is  95,205  square  miles,  and  60,975  square  miles 
of  this,  or  64  per  cent,  is  in  the  United  States.  The  main  shore  line 
involved  exceeds  8,300  miles  in  length.  The  total  developable 
water  power  is  estimated  to  be  approximately  10,000,000  horsepower, 
far  more  than  half  of  which  is  m  the  United  States.     The  water 

Eower  already  developed  within  this  area  is  roughly  one  million 
orsepower  in  the  United  States,  and  one  and  one-half  million 
horsepower  in  Canada.  The  lake  commerce  in  1917  was  carried  in 
more  than  1,000  vessels  of  an  average  registered  tonnage  exceed- 
ing 2,000  tons,  about  90  per  cent  of  the  vessels  having  a  registered 
tonnage  of  over  100  tons,  while  41  vessels  had  a  dead-wei^t  ton- 
nage of  13,000  tons  or  more.  The  maximum  length  of  freight 
steamer  was  625  feet,  maximum  beam  64.2  feet,  and  maximum  draft 
used,  21.9  feet.  The  total  freight  passing  through  Detroit  River 
during  the  navigation  season  of  1917  was  95,000,0%  tons,  valued  at 
approximately  $1,250,000,000.  There  is  a  not  inconsiderable  lake 
commerce  which  does  not  pass  through  Detroit  River.  The  length 
of  steamer  track  irom  Montreal  to  Duluth  is  1,340  miles,  and  from 
Montreal  to  Chicago  it  is  1,260  miles. 

The  drainage  area  under  consideration  is  depicted  on  plate- 1,  on 
which  are  shown  the  outlines  of  the  Great  Lakes  and  connecting  and 
outflow  rivers,  the  outline  of  the  entire  basin  of  the  Great  Lakes 
above  St.  Regis,  the  outline  of  the  drainage  basin  of  each  individual 
lake,  the  international  boundary  line  through  the  lakes,  and  the 
general  location  of  waterways  through  which  water  is  diverted  from 
the  Great  Lakes,  or  tributaries  of  the  Great  Lakes,  together  with 
other  data  of  a  general  character. 

Diversions  of  waters  of  the  Great  Lakes  basin  will  first  be  treated 
under  the  three  divisions  of  navigation,  sanitation,  and  power  de- 
velopment. Some  diversions  pertain  to  only  one  of  these  uses,  some 
to  two,  and  others  to  all  three.  Where  they  pertain  to  two  or  more 
uses  they  will  be  treated  imder  each  division  concerned,  the  remarks 
in  each  case  being  confined  in  so  far  as  practicable  to  the  particular 
use  under  consideration.  Each  diversion  will  be  described  upon  its 
first  mention  in  the  report. 

Section  A. 

DIVERSIONS  FOR  NAVIGATION  PURPOSES. 

1.   ST.  MARTS  FAIiLS  CANAL. 

The  total  diversion  of  water  from  St.  Marys  River  for  navigatiou 
purposes  is  about  1,000  cubic  feet  per  second  on  the  average  for  the 
entire  year,  the  rate  reaching  approximately  1,400  cubic  feet  per  sec- 
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ond  as  an  average  for  the  busiest  month  of  the  season  of  navigation. 
In  1887  the  average  annual  rate  of  diversion  was  onlv  150,  and  the 
increase  to  date  has  been  gradual.  It  is  estimated  that  the  fourth 
lock,  to  be  opened  in  1919,  will  require  an  annual  average  diver- 
sion of  about  350  cubic  feet  per  second.  These  figures  include  the 
diversions  on  both  sides  of  the  river.  All  these  diversions  are  made 
at  the  head  of  the  rapids,  and  are  returned  to  the  river  within  2  miles 
of  the  points  of  diversion.  In  the  following  paragraphs  the  char- 
acter or  the  diversions  is  explained  more  at  length.  There  are  other 
and  much  larger  diversions  at  the  same  place  for  power  development, 
and  these  are  described  in  Section  C  of  this  report. 

Description  of  St  Marys  Biver. — St.  Marys  River  forms  the  out- 
let of  LaJse  Superior,  connecting  the  eastern  end  of  the  lake  with  the 
northern  end  of  Lake  Huron  by  a  somewhat  circuitous  route  66 
miles  long  by  the  westerly  channel,  and  75  miles  long  by  the  easterly 
channel.  Through  this  passage  flow  the  surplus  waters  of  Liake 
Superior,  a  volume  averaging  75,000  cubic  feet  per  second.  The 
drop  in  water  level  from  Superior  to  Huron  averages  20.7  feet  ^over 
a  period  of  years),  19.4  feet  of  this  occurring  in  a  rapids  three- 
fourths  of  a  mile  lon^  near  the  head  of  the  river,  abreast  of  the  city 
of  Sault  Ste.  Marie^  Mich.  The  surface  levels  of  the  lakes  vary  con- 
stantly, causing  variations  in  the  volume  of  water  discharged  through 
the  river  and  producinjg  changes  in  the  fall  of  water  level  from  above 
to  below  the  rapids.  This  local  fall  varies  between  the  limits  of  17 
and  21  feet.  The  general  outline  of  the  river  is  shown  on  the  map 
designated  as  plate  2. 

Commerce  at  Sandt  Ste.  Marie. — There  is  a  large  lake  commerce 
between  communities  on  Lake  Superior  and  points  on  the  lower  lakes 
during  those  months  of  the  year  when  the  harbors  and  river  chan- 
nels are  not  choked  with  ice.  The  season  of  navigation  on  Lake 
Superior  opens  late  in  April  and  closes  early  in  December.  During 
the  season  of  1917  there  were  22,885  yessel  passages  past  Sault  Ste. 
Marie,  made  by  1,182  vessels.  The  total  nreight  carried  was  89,- 
813,898  tons,  valued  at  $1,196,922,188.  The  average  freight  rate 
was  0.121  cents  per  ton  per  mile.  The  type  of  ls3:e  vesi^  prin- 
cipally used  is  snown  in  photoCTaph  No.  1.  Sometimes  as  many 
as  50  vessels  are  tied  below  St.  Marys  Rapids  in  a  blockade  as  in- 
dicated in  the  photograph.  This  commerce  follows  the  natural 
and  improved  waterways  of  the  westerly  channel  of  St.  Marv's 
Biver.  At  Sault  Ste.  Marie  it  passes  around  the  rapids  in  artd- 
fieial  canals  about  1  mile  long.  Locks  are  provided  to  overcome 
the  difference  in  water  level  already  described,  there  being  several 
locks,  so  that  a  number  of  vessels  may  be  accommodated  at  the 
same  time,  although  each  loc^  overcomes  the  entire  fall  in  one  lift. 
There  are  at  present  three  locks  on  the  United  States  side  and 
one  lock  on  the  Canadian  side  of  the  river.  A  single  canal  serves 
the  Canadian  lock.  On  the  American  side  there  are  two  canals, 
the  South  canal  serving  both  the  Poe  and  Weitzel  Locks,  and  the 
North  canal  now  serving  the  third  lock  and  designed  also  to  serve 
the  fourth  lock  now  unoer  construction.  The  arrangement  of  locks 
and  canals  is  well  shown  on  the  map  marked  plate  3. 

Locks  amd  canals. — ^The  first  canal  and  lock  at  the  ^^  Soo  "  as  the 
locality  about  St.  Marys  Rapids  is  known,  were  constructed  in 
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1797  and  1798  on  the  Canadian  side  of  the  river  by  the  Northwest 
Fur  Co.  The  lock,  shown  in  photc^raph  No.  2,  was  38  feet  long, 
8  feet  8  inches  wide,  with  a  lift  of  9  feet.  A  towpath  was  made 
along  the  shores  for  oxen  to  track  bateux  and  canoes  through  the 
upper  part  of  the  rapids.  The  picture  shows  the  lock  as  restored 
It  was  destroyed  by  United  States  troops  in  1814. 

The  first  canal  on  the  American  side  was  built  in  1853  to  1855, 
and  was  known  as  the  State  Canal.  It  was  li^  miles  long,  64 
feet  wide  at  the  bottom,  and  100  feet  wide  at  the  water  surface. 
There  were  two  tandem  locks  of  masonry,  each  350  feet  long  by 
70  feet  wide,  with  a  lift  of  about  9  feet.  The  depth  in  the  cand 
was  about  13  feet  and  m  the  locks  about  11^  feet,  at  the  stage  of 
water  then  prevailing.  The  locks  are  shown  in  photograph  No.  3. 
They  were  destroyed  in  1888  by  excavations  for  the  present  Poe 
LfOck. 

The  Weitzel  Lock,  515  feet  long,  80  feet  wide  in  chamber  nar- 
rowing to  60  feet  at  the  gates,  with  17  feet  depth  of  water  on  the 
miter  sills,  was  built  by  the  United  States  in  the  years  1870  to 
1881.  During  the  same  period  the  canal  was  correspondingly 
deepened,  and  was  widened  to  160  feet  at  its  widest  part,  narrow- 
ing at  the  International  Bridge  to  108  feet;  and  the  stone  slope 
walls  were  replaced  with  timber  piers  having  a  vertical  face. 
Present  depth  on  miter  sills  at  low  water  is  13  feet. 
-  The  Canadian  Canal  is  IJ  miles  long,  150  feet  wide  at  the  top 
and  142  feet  at  the  bottom,  and  has  a  lock  900  feet  long  and  60 
feet  wide.  It  was  built  in  the  years  1888  to  1895.  It  was  con- 
structed with  a  depth  of  23  feet  in  the  canal  and  22  feet  on  the 
miter  sills  at  the  mean  stage  prevailing  at  that  time.  At  present 
stages  the  upper  approach  to  the  lock  has  a  depth  of  21^  to  24 
feet,  the  lower  approach  19  to  20  feet,  and  the  depth  on  miter  sills 
is  about  19  feet. 

The  Poe  Lock,  800  feet  long,  100  feet  wide,  and  having  22  feet 
of  water  on  the  sills,  was  built  by  the  United  States  in  trie  years 
1887  to  1896.  Present  low-water  depth  on  the  miter  siUs  is  18  to 
19  feet.    The  average  depth  on  miter  sills  in  1917  was  20.3  feet. 

The  third  lock  is  1,350  feet  long,  80  feet  wide,  and  has  24i  feet  of 
water  upon  its  miter  sills  at  existing  stages.  It  was  built  in  the 
years  1908  to  1914,  and  was  opened  to  traffic  October  21, 1914. 

The  fourth  lock,  now  under  construction,  is  shown  in  photograph 
No.  4  as  it  appeared  May  26,  1917.  It  is  to  be  of  the  same  dimen- 
sions as  the  third  lock.    It  is  now  nearly  completed. 

Since  1892  the  canal  leading  to  the  Weitzel  and  Poe  Locks  has 
been  widened  to  270  feet,  except  where  the  width  is  restricted  by 
the  pier  of  the  International  Bridge  .and  the  movable  dam  to  two 
passages  of  108  feet  each,  and  deepened  to  24  feet  in  its  upper  reach. 
Since  1908  the  United  States  has  built  another  canal,  north  of  the 
first,  leading  to  the  new  third  lock,  and  designed  to  serve  the  fourth 
lock  also.  It  is  310  feet  wide  above  the  locks,  narrowing  to  282 
feet  at  the  railway  bridge,  and  widening  to  300  feet  at  the  upper 
ond.    Least  depth  of  water  is  24^  feet. 

Photograph  No.  6  shows  the  Weitzel  Lock  before  the  building  of 
the  Poe  Lock.  Photograph  No.  6  is  a  view  of  all  three  United  States 
locks  as  they  now  exist.  No.  7  is  a  view  of  the  downstream  end  of 
the  Canadian  Lock. 
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Considerable  dredging  has  been  done  in  the  St.  Marys  River  down- 
stream from  the  locks.  The  Lake  Oeorge  route  was  first  improved, 
a  channel  with  12-foot  draft  being  provided  before  1869.  By  188:) 
this  had  been  increased  to  16  feet  The  route  via  Hay  Lake  and 
Mud  Lake  in  the  west  channel  was  then  improved  until  in  1894  a 
20-foci  depth  had  been  provided.  Betterment  of  channels  has  been 
continued  since  that  time  with  a  view  to  providing  a  21-foot  depth 
at  lowest  stage  of  water,  and  separating  upbound  from  downbound 
traffic  in  certain  reaches. 

To  date  the  United  States  has  expended  approximately  $24,000,- 
000  on  the  construction  of  the  locks,  canals,  and  channels  of  St. 
Marys  River.  Cost  of  operating  and  repairing  the  locks  and  canals 
is  about  $125,000  per  annum.  The  Canadian  Lock,  canal,  and  ap- 
proaches cost  roundly  $5,000,000. 

From  1855  to  1881  the  American  canal  was  controlled  by  the 
State  of  Michigan,  and  tolls  were  charged  to  cover  operating  and 
repair  expenses,  the  rate  at  first  being  6J  cents  per  registered  ton, 
which  was  gradually  reduced  to  2^  cents.  Similarly  the  minimum 
charge  for  lockage  of  a  boat  was  r^uced  from  $5  to  $3.  Since  con- 
trol was  transferred  to  the  United  States  in  1881,  the  American 
canal  has  been  free  for  public  use  by  all  nations.  Likewise  at  the 
Canadian  canal  no  tolls  have  been  collected  for  either  foreign  or 
domestic  commerce. 

The  foregoing  description  has  been  given  in  order  to  make  clear 
the  character  and  importance  of  the  diversions  of  water  from  St. 
Marys  Kiver  for  navigation  purposes.  These  diversions  comprise 
the  water  used  in  locking  boats  up  and  down,  that  used  in  operating 
gates  and  valves  of  the  Poe  and  Weitzel  Locks,  and  the  leakage 
through  the  locks.  This  water  passes  around  St.  Marys  Kapids  in 
the  three  navigation  canals  above  described.  The  Grovernment  owns 
a  small  hydroelectric  power  plant  in  the  rapids.  It  is  operated  by 
the  Edison  Sault  Electric  Co.,  from  whom  power  is  purchased  for 
operating  the  third  lock  and  for  lighting  locira  and  approaches.  The 
water  diverted  for  this  purpose  will  be  considered,  along  with  that 
n^d  by  other  power  plants  at  the  Soo,  later  in  this  report  under  the 
heading'  of  diversions  for  power  development  purposes. 

Dredging  the  West  Neebish  Channel  has  caused  a  considerable 
change  in  distribution  of  flow  between  this  channel  and  Middle  Nee- 
bish, but  this  does  not  constitute  a  diversion  of  water  from  the  river. 

Diversions, — During  the  months  of  January,  February,  and  March 
each  year  traffic  is  completely  suspended  because  of  ice,  the  lock 
^tes  are  closed,  and  the  locks  pumped  out  and  kept  empty.  During 
this  time  there  is  no  diversion  for  navigation  other  than  a  slight 
leakage,  which  amounts  to  less  than  100  cubic  feet  per  second  lor 
all  the  locks. 

During  the  operating  season  of  1917,  April  to  December,  both  in- 
clusive, the  g«aeral  average  and  highest  monthly  average  uses  of 
water  for  navigation  purposes,  in  cubic  feet  per  second,  were  as 
given  in  the  following  table.  Table  No.  8.  The  Weitzel  Lock  was  not 
in  operation  in  1917.  The  average  recorded  use  of  water  for  navi- 
gation purposes  during  the  season  of  navigation  was  177  cubic  feet 
per  second  in  1887,  and  it  increased  gradually  to  a  maximum  of  1,411 
cubic  feet  per  second  in  1916.    Considering  the  entire  12  months  of 
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the  year,  the  diversion  of  waters  of  St.  Marys  River  for  navigatioD 
uses  is  now  roundly  1,000  cubic  feet  per  second,  having  increased 
gradually  to  this  amount  from  a  diversion  of  only  about  150  cubic 
feet  per  second  in  1887.  It  is  estimated  that  the  fourth  lock  will  re- 
quire an  average  of  450  cubic  feet  per  second  during  the  navigation 
season  and  25  cubic  feet  per  second  during  the  winter,  or  an  average 
for  the  entire  year  of  approximately  350.' 

Table  No.  8. — Approximate  water  divernorh  at  locks,  8ault  Ste,  Marie,  1917. 


Cubic  feet  per  second. 

Name  of  lock  and  use. 

Average 
for  season 

April- 
December. 

Average 
for  highest 

month 
(August). 

Weitoel: 

Loclcaf e 

0 

0 

39 

0 

Operalion 

0 

Leakage 

39 

Total 

39 

39 

Poe: 

T4»CkRg<» 

290 

8 

98 

393 

Opeiation 

10 

Le^cage 

98 

Total 

396 

501 

ThlM: 

Lockage 

339 
128 

467 

T-^akage .  . . 

12S 

Total 

467 

M5 

Canadian: 

T^ckage , , ,  .            , .    . . 

141 
41 

191 

T-^akage ,      ...      .    ^ .  . .  x . 

41 

Total 

182 

232 

All  locks: 

Lockage 

770 

8 

306 

1,051 

Operation 

10 

7/<fakaso , 

306 

_ 

Total 

1,064 

1.367 

2.  CHICAGO  SANITARY  CANAL  AND  ILLINOIS  AND  MICHIGAN  CANAL. 

For  the  past  few  years  there  has  been  no  direct  diversion  of  waters 
of  the  Great  Lakes  through  the  Illinois  and  Michigan  Canal.  A 
small  part  of  the  water  diverted  through  the  Chicago  Draina^  Canal 
enters  the  Illinois  and  Michigan  Canal  at  Joliet.  Former!^  water 
was  diverted  directly  from  Lake  Michigan  through  the  Uhicago 
Biver,  entering  the  Illinois  and  Michigan  Canal  at  Bridgeport.  The 
amount  thus  diverted  seldom  exceeded  850  cubic  feet  per  seconi 
In  addition  there  was  a  small  diversion  from  the  Calumet  River,  a 
tributary  of  Lake  Michigan.  Of  this  diversion  it  is  believed  no  more 
than  300  cubic  feet  per  second  at  the  very  most  was  required  for  navi- 
gation purposes. 

The  diversion  through  the  Chicago  Sanitary  Canal  averaged  about 
8,800  cubic  feet  per  second  in  1917,  although  daily  averages  ran  as 
high  as  10,000,  and  the  discharge  in  the  lower  part  of  the  canal 
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reached  17,500  cubic  feet  per  second  for  a  short  time.  The  entire 
diversion  was  for  sanitary  purposes.  As  a  secondary  matter,  how- 
ever, this  water  was  used  to  a  considerable  extent  in  the  generation 
of  power,  an  average  flow  of  about  6,800  cubic  feet  per  second  being 
utilized  for  this  purpose.  It  is  estimated  that  600  cubic  feet  per  sec- 
ond would  be  ample  to  serve  any  navigation  requirements  of  the 
present  canal.  Should  the  Des  Plaines  and  Illinois  Rivers  be  im- 
proved to  accommodate  navigation  of  8-foot  draft  to  the  Mississippi, 
a  diversion  of  1,000  cubic  feet  per  second  might  be  required  to  meet 
the  needs  of  navigation  only. 

Descriptions  of  the  Illinois  and  Michigan  Canal  and  the  Chicago 
Sanitary  Canal  are  given  in  the  succeeding  paragraphs  of  Section  A 
of  this  rej>ort,  together  with  statements  concerning  features  per- 
taininff  mainly  to  navigation.  The  sanitary  and  power  features  are 
treatea  in  Sections  B  and  C,  respectively. 

The  general  location  of  the  Illinois  and  Michigan  Canal,  the  Chi- 
cago Sanitary  Canal,  and  the  Illinois  River  are  shown  on  plate  No.  1. 
The  route  of  the  canals  above  Joliet  is  more  clearly  shown  on  plate 
No.  4. 

Description  of  lUinoia  route. — The  surface  of  Lake  Michigan  is 
approximately  680  feet  above  the  surface  of  the  ocean.  The  city  of 
Chicago,  at  the  west  side  of  the  southerly  end  of  Lake  Michigan,  is 
built  on  nearly  level  ground  whose  surface  is  generally  16  to  26  feet 
above  the  lake.  Near  the  western  edge  of  the  city,  10  miles  from  the 
lake,  is  the  Des  Plaines  River,  paralleling  the  lake  shore.  At  a  point 
almost  abreast  of  the  center  or  the  city  the  river  turns  and  follows 
a  southwesterly  direction.  At  this  point  the  surface  of  the  Des 
Plaines  is  about  10  feet  above  the  lake.  A  shallow,  narrow  valley 
or  depression  extends  from  this  point  eastward  to  the  south  brancn 
of  Chicago  River,  its  bottom  being  6  to  16  feet  above  the  lake. 
Through  this  depression  a  part  of  the  waters  of  Des  Plaines  River 
formerly  flowed  in  times  of  freshet,  and  the  early  explorers  were  able 
at  such  times  to  navigate  canoes  and  bateaux  across  the  divide  which 
normally  separates  the  waters  of  the  St.  Lawrence  and  Mississippi 
Valleys.  It  is  through  this  depression  in  the  divide  that  the  Chi- 
cago Sanitary  and  Snip  Canal  and  the  Illinois  and  Michigan  Canal 
were  constructed.  A  somewhat  similar  depression,  about  10  miles 
farther  south,  extends  from  the  Des  Plaines  River  to  the  Calumet 
Biver.  Along  this  route  the  Calumet-Sag  Drainage  Canal  is  now  be- 
ing constructed.  The  old  Calumet  feeder  of  the  Illinois  and  Michi- 
gan Canal  was  constructed  in  this  depression.  The  Calumet  River 
discharges  into  Lake  Michigan,  as  did  the  Chicago  River  before  it 
was  reversed  and  made  to  discharge  into  the  sanitary  and  shij)  canal. 
Plat€  6  gives  a  small  map  of  the  region  around  Chicago  showing  the 
features  just  enumerated. 

The  Des  Plaines  River  joins  the  Kankakee  River  15  miles  below 
Joliet,  forming  the  Illinois  River,  which  is  278  miles  long,  and 
empties  into  the  Mississippi  River  about  38  miles  above  St.  Louis. 
The  total  fell  in  water  surface  from  Lake  Michigan  to  the  Mississippi 
at  the  mouth  of  the  Illinois  River  is  about  165  feet.  The  United 
States  has  improved  the  river  for  navigation  purposes  from  La  Salle 
at  the  foot  of  the  Illinois  and  Michigan  Canal  to  Grafton,  at  the  con- 
fluence of  the  Illinois  and  Mississippi.    In  this  length  of  about  223 
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miles  the  fall  is  approximately  ^  feet.  The  available  draft  at  Iott 
water  in  the  Illinois  River  between  La  Salle  and  Peoria  is  6  feet^ 
though  not  for  the  full  projected  width  of  200  feet.  Between  Peoria 
and  the  Mississippi  River  there  is  an  available  depth  of  5^  feet,  re- 
ferred to  level  of  low  water  of  1901,  except  at  two  bars,  where  shoal- 
ing has  reduced  the  depth  to  4  feet.  There  are  four  locks  in  the- 
Illinois  River  between  La  Salle  and  the  Mississsippi,  each  350  feet 
long  and  75  feet  wide,  with  7  feet  depth  on  the  miter  sills.  At  each 
lock  the  water  surface  of  the  upper  level  is  held  up  by  a  dam,  pro- 
viding slack- water  navigation.  The  first  two  locks  below  La  Salle— 
one  at  Henry,  196  miles  above  the  mouth  of  the  river,  and  one  at 
Copperas  Creek,  137  miles  above  the  mouth — are  operated  by  the 
State  of  Illinois  and  tolls  are  collected.  This  charge  is  $1.50  on 
boats  of  150  tons  and  under,  and  on  larger  boats  is  1  cent  per  ton 
measurement.  The  other  two  locks^one  at  La  Grange,  78  miles 
above  the  mouth,  and  one  at  Kampsville,  31  miles  above  the  mouth — 
are  operated  by  the  United  States  and  are  free  from  tolls. 

The  Illinois  and  Mississippi  Canal  connects  the  Illinois  River  at 
a  point  2f  miles  above  Hennepin  and  13  miles  below  La  Salle  with, 
the  Mississippi  River  at  Rock  Island.  It  does  not  use  waters  of  the 
Great  Lakes  JBasin. 

The  portion  of  the  Des  Plaines  and  Illinois  Rivers  between  Joliet 
and  La  Salle  has  not  been  used  to  any  extent  for  navigation  since  the 
pioneer  days  when  this  natural  waterway  formed  the  only  practical 
route  to  the  West  and  carried  the  primitive  commerce  of  the  times  in 
canoes  and  bateaux.  The  fall  from  above  the  State  dam  at  Joliet  to 
La  Salle  is  about  100  feet^  the  distance  being  66  miles.  At  the  State 
dam  at  Joliet  there  is  a  fall  of  about  11  feet.  At  Marseilles  there  is 
a  private  dam  providing  a  fall  of  about  11  feet.  There  is  no  lock  at 
the  Marseilles  dam.  These  dams  and  the  power  developments 
located  at  them  will  be  described  later  in  this  report  under  the 
heading  of  "Diversions  for  power  purposes." 

On  August  26,  1905,  a  board  of  engineers  reported  to  the  Chief  of 
Engineers,  United  States  Army,  plans  and  estimates  for  a  navigable 
waterway  14  feet  deep  from  Lockport,  111.,  by  way  of  the  Des 
Plaines  and  Illinois  Rivers  to  the  mouth  of  the  Illinois  River  and 
thence  by  way  of  the  Mississippi  River  to  St.  Louis,  Mo.  Plans  and 
estimates  were  also  presented  for  a  7- foot  waterway  and  for  an 
8-foot  waterway  from  Ottawa,  111.,  down  the  Illinois  River  to  La 
Salle,  111.  The  14-foot  waterway  was  to  have  locks  600  feet  long  and 
80  feet  wide.  Below  La  Salle  the  locks  and  dams  were  to  be  removed 
and  the  14- foot  depth  maintained  by  a  minimum  discharge  of  10,500 
cubic  feet  per  second.  No  opinion  was  expressed  as  to  the  advis- 
nbility  of  undertaking  any  of  these  projects.  The  report  is  pub- 
lished as  House  Document  No.  263  JFifty-ninth  Congress,  first  session. 

A  report  submitted  by  another  Board  of  Engineers  on  August  15. 
1913,  published  as  House  Document  No.  762,  Sixty-third  Congre&s, 
second  session,  recomm^^nds  the  construction  of  a  navigable  water- 
way excavated  11  feet  deep  but  calculated  to  serve  vessels  drawing  8 
or  9  feet,  extending  from  Lockport,  HI.,  by  way  of  the  Des  Plaines^ 
and  Illinois  Rivers  to  the  mouth  of  the  Illinois,  and  thence  by  way  of 
the  Mississippi  to  St.  Louis.  The  State  of  Illinois  was  to  pay  the- 
cost  of  the  waterway  from  Lockport  to  Utica,  7  miles  above  La  Salle. 
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The  remainder  of  the  route  was  to  be  constructed  at  the  expense  of 
the  United  States  and  was  estimated  to  cost  $1,060,000  for  the  portion 
in  the  Illinois  River,  with  $116,000  annuallv  for  maintenance ;  and 
$3,710,000  for  the  portion  in  the  Mississippi  Kiver,  with  $126,000  an- 
nually for  maintenance.    The  old  locks  below  La  Salle  were  to  be 
altered  slightly  but  maintained  with  their  present  horizontal  dimen- 
sions of  75  by  360  feet.    The  channel  was  to  be  160  feet  wide  in 
canal  and  200  feet  in  open  river.    The  board  proposed  that  the  new 
locks  above  La  Salle  should  be  600  feet  long,  80  feet  wide,  and  with 
11  feet  of  water  on  the  miter  sills,  but  was  agreeable  to  the  propo- 
sition that  the  State,  in  its  cooperative  efforts,  should  build  them 
larger  if  it  wished.    The  State  proposed  that  the  portion  of  the 
waterway  which  it  was  to  build^  namely,  that  above  Utica,  should 
have  a  wetted  channel  300  feet  wide  and  24  feet  deep  from  the  Lock- 
port  power  house  for  5^  miles  to  the  Brandon  Bridge,  just  below 
Joliet,  and  from  there  to  Utica  a  channel  9  feet  deep  and  200  feet 
wide  at  bottom  for  the  present,  to  be  deepened  to  at  least  14  feet  later. 
It  proposed  the  construction  of  five  locks,  the  uppermost  beside  the 
Lo^port  power  house  at  the  downstream  end  of  the  Chicago  Drain- 
age Canal,  the  next  at  Brandon  Bridge,  and  the  last  at  Utica.    Each 
lock  was  to  be  80  by  900  feet  in  horizontal  dimensions,  with  24  feet 
of  water  on  the  miter  sills.    On  November  3,  1908,  the  people  of  the 
State  of  Illinois  voted  for  an  amendment  to  the  constitution  per- 
mitting a  bond  issue  of  $20,000,000  for  the  construction  of  such  a 
waterway.    Several  years  later  $6,000,000  of  this  was  appropriated 
but  no  construction  work  was  undertaken,  because  the  necessary  co- 
operative arrangement  with  the  Federal  Government  was  not  effected. 
It  was  estimated  that  $20,000X)00  would  provide  for  the  excavating 
noted  above  for  the  lock  at  Lockport  and  for  the  four  dams  and 
power  houses  at  the  other  lock  sites,  and  possibly  for  the  other  four 
locks  also. 

The  Board  of  Engineers  considered  a  volume  of  flow  of  water  of 
1,000  cubic  feet  per  second  more  than  sufficient  for  such  a  waterway. 

THE   ILLINOIS   AND    MICHIGAN   CANAL. 

The  Illinois  and  Michigan  Canal  extends  from  a  point  on  the  South 
Branch  of  the  Chicago  River  in  the  city  of  Chicago  southwesterly  to 
La  Salle,  111.,  where  it  enters  the  Illinois  River.  Its  lenj^h  is  97 
miles  and  its  lall  is  142  feet  at  low  water  stages  of  Lake  Michigan  and 
the  Illinois  River.  Its  point  of  beginning  is  6^  miles  from  Lake 
Michigan,  measured  along  the  Chicago  River.  From  this  point  it 
passes  w^ward  across  the  low  divide,  through  the  natural  depres- 
sion in  the  land  surface  previously  described,  about  7  miles  to  the 
valley  of  the  Des  Plaines  jRiver.  r  ollowing  along  the  southeasterly 
side  of  the  valley  of  this  river,  it  enters  the  river  in  the  city  of  Joliet 
32  miles  from  its  point  of  beginning.  It  proceeds  but  a  short  distance 
in  the  river  channel,  and  then,  at  the  State  Dam,  leaves  the  river  on 
its  northerly  side,  following  the  northwesterly  rim  of  the  valley  of 
the  Des  Plaines  River  to  the  junction  of  the  Des  Plaines  with  the 
Illinois,  and  thence  along  the  northerly  side  of  the  Illinois  River  to 
La  Salle.  Construction  of  the  canal  began  in  1836  and  was  com- 
pleted in  1848.  The  canal  had  a  surface  width  of  60  feet,  a  bottom 
width  of  36  feet  in  earth  sections  and  48  feet  in  rock,  and  a  depth  of 


112      DIVERSION  OF  WATER  FROM  GREAT  LAKES  AND  NIAGARA  RIVER. 

water  of  6  feet.  All  bridges  over  the  canal  were  fixed,  the  minimum 
clearance  being  about  11  feet.  The  locks  were  110  feet  long  and  IS 
feet  wide,  having  a  depth  of  6  feet  of  water  on  the  sills.  There  were 
15  lift  locks  and  one  guard  lock. 

As  originally  constructed  there  was  at  the  head  of  the  canal  a  sum- 
mit level  26|  miles  lon^  which  was  8  feet  above  the  level  of  Lake 
Michigan  and  was  fed  from  the  Des  Plaines  and  Calumet  Kivers,  as 
well  as  by  a  lift  wheel  from  the  Chicago  River.  The  water  from 
Calumet  River  was  conducted  through  the  Sag  Valley  in  a  feeder 
canal  16i  miles  long.  The  summit  level  was  cut  down  in  1866  to 
1871.  While  the  summit  level  existed  it  did  not  supply  sufficient 
water  to  the  reach  of  canal  extending  from  Ottawa  upstream  toward 
Joilet.  To  make  an  adequate  supply  available  the  Kankakee  feeder 
was  constructed.  This  feeder  canal  received  water  from  the  Kanka- 
kee River  at  a  point  several  miles  above  its  junction  with  the  Des 
Plaines,  and  conducted  it  to  the  lUionis  and  Michigan  Canal  at  a 
point  about  1  mile  above  the  junction.  The  feeder  water  passed 
over  the  Des  Plaines  River  in  an  aqueduct  just  before  entering  the 
canal.  After  the  summit  level  had  been  cut  down  this  feeder  became 
unnecessary  and  was  abandoned.  The  Fox  River  feeder  received 
water  from  the  Fox  River  several  miles  north  of  Ottawa,  and  con- 
ducted it  to  the  canal  at  a  point  in  Ottawa  nearly  a  mile  beyond  the 
aqueduct  which  carries  the  Illinois  and  Michigan  Canal  over  Fox 
River.  This  feeder  also  has  been  abandoned  and  some  portions  of  it 
have  been  filled  in.  The  total  cost  of  building  the  canal,  including 
cutting  down  the  summit  level,  was  $9,513,000. 

Durmg  the  first  30  years  of  its  operation  the  canal  was  much  used 
and  it  earned  a  very  substantial  revenue.  In  1879  the  net  receipts 
over  expenses  of  operating  up  to  that  time  were  $2,934,000.  In  addi- 
tion to  this,  a  total  amount  of  $5,886,000  had  been  received  from  the 
sale  of  canal  lands.  More  than  300,000  acres  of  public  land  had 
been  donated  the  State  by  the  Federal  Government  as  an  aid  in 
financing  the  canal  and  a  large  portion  of  this  was  sold.  As  late  as 
1902  there  was  a  revenue  from  tolls  of  approximately  $30,000  a  year. 
Now,  the  State  receives  very  little  from  tolls,  and  has  received  very 
little  since  about  1905.  There  is  a  revenue  from  land  rentals,  ice 
privileges,  and  rental  of  water  for  power  development,  which,  to- 
gether with  the  receipts  from  tolls,  enables  keeping  the  canal  open 
for  navigation,  but  is  inadequate  to  meet  the  expense  of  repairs  or 
dredging  to  maintain  a  proper  depth  of  channel. 

There  was  some  interruption  of  navigation  in  the  vicinity  of  Joliet 
following  1905  due  to  operations  of  the  Sanitary  District  of  Chi- 
cago. The  canal  has  fallen  into  disuse  and  poor  repair.  In  1916  it 
was  navigated  by  a  very  few  boats,  mostly  small  pleasure  craft.  Its 
available  draft  had  been  reduced  in  places  to  4J  feet.  In  1918  the 
Federal  Government  was  dredging  to  restore  this  4^-f oot  draft.  The 
Illinois  and  Michigan  Canal  is  a  State  project,  and  is  under  the 
State  department  of  public  works  and  buildings. 

Diversions. — From  the  time  of  the  opening  of  the  Illinois  and 
Michigan  Canal  in  1848  to  the  opening  of  the  lock  of  the  Main 
Drainage  Canal  on  July  13,  1910,  water  was  diverted  from  Lake 
Michigan  through  the  Illinois  and  Michigan  Canal  into  the  Des 
Plaines  River.     The  diversion  was  chiefly  for  sanitary  purposes, 
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however.  The  quantity  required  for  navigation  is  not  known,  but 
it  was  undoubtedly  less  than  800  cubic  feet  per  second.  This  was 
abstracted  from  Lake  Michigan  or  withheld  from  the  li^e  by  being 
abstracted  from  its  tributaries — the  Chicago  and  Calumet  Rivers. 
The  canal  has  discharged  as  much  as  2,100  cubic  feet  per  second  at 
Joliet  in  the  spring  when  362  cubic  feet  per  second  was  being 
pumped  in  from  the  Chicago  Kiver.  In  order  to  cause  a  large  flow 
through  the  canal  it  was  necessary  to  close  the  gates  at  Chicago  and 
pump  water  into  the  canal  from  Chicago  River,  raising  the  water 
surface  in  the  canal  several  feet  above  the  river  level.  A  head  of  5.7 
feet  was  found  to  be  required  for  a  discharge  of  1,000  cubic  feet 
per  second.  Pumps  accepted  by  the  city  of  Chicago  in  1886  had  a 
capacity  of  1,000  cubic  feet  per  second,  but  the  volume  pumped 
beldom  exceeded  850  cubic  feet  per  second,  and  this  was  largely  for 
sanitary  purposes.  Since  completion  of  the  Main  Drainage  Canal 
and  Lock  the  portion  of  the  Illinois  and  Michigan  Canal  above 
Joliet  has  been  abandoned,  and  there  is  no  diversion  of  lake  water 
through  it.  Some  short  stretches  of  the  canal  near  Chicago  have 
been  filled  in  by  garbage  contractors.  The  flow  in  this  canal  below 
Joliet  conies  from  the  Des  Plaines  River,  whose  small  natural  flow  is 

Seatly  augmented  by  the  large  discharge  from  the  Chicago  Main 
rainage  Canal  which  empties  into  Des  Plaines  River  just  above 
Joliet.  The  average  discharge  of  the  Des  Plaines  River  is  roughly 
400  cubic  feet  per  second,  but  low-water  discharges  as  small  as  7 
cubic  feet  per  second  have  been  measured  and  flood  discharge  as 
large  as  11,900  cubic  feet  per  second.  The  present  discharge  of  the 
Illinois  and  Michigan  Canal  just  below  Joliet  varies  between  300 
and  550  cubic  feet  per  second.  This  is  used  up  largely  by  leakage, 
seepage,  evaporation,  and  power  development,  and  is  used  only 
very  slightly  for  locking  boats.  It  is  evident  from  the  figures  given 
above  that  normally  only  a  portion  of  this  water  is  furnished  by  the 
natural  flow  of  the  Des  Plaines  Riverj  the  rest  coming  from  Lake 
Michigan  by  diversion  through  the  dramage  canal. 

The  present  general  appearance  of  the  canal  is  shown  in  photo- 
paph  Wo.  8.  An  upstream  view  of  the  aqueduct  carrying  the  canal 
waterway  over  Fox  River  is  given  in  No.  9,  and  a  top  view  of 
the  same  in  No.  10.  A  photograph  of  Lock  No.  2  between  Joliet  and 
Lockport  on  the  abandoned  portion  of  the  canal  is  given  as  No.  11. 
In  this  last  picture  it  may  be  noted  that  there  is  a  very  small  amount 
of  drainage  flowing  through  this  lock. 

Traffic, — The  yearly  average  tons  of  freight  transported  on  the 
canal  from  1860  to  1916  was  544,629.  The  maximum  tonnage  for 
one  year  was  carried  in  1882  and  was  1,011,287.  The  tonnage  car- 
ried decreased  materially  from  1895,  when  railroads  were  most  active 
in  competition. 

Tolls  have  always  been  charged.  The  rate  on  coal  is  1  mill  per 
ton  per  mile,  on  lumber  5  mills  per  1,000  board  feet  per  mile,  and  on 
merchandise  2  mills  per  ton  per  mile.  In  addition  tnere  is  a  toll  on 
each  boat  of  3  cents  per  mile. 

It  is  reported  by  the  State  superintendent  of  the  division  of 
waterways,  under  the  department  of  public  works  and  buildings, 
that  there  is  a  widespread  demand  for  improvement  of  this  canal, 
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and  that  a  company  has  been  formed  and  financed  to  construct  boats 
for  operation  on  it  as  soon  as  the  required  depth  is  available.  The 
canal  traverses  a  populous  territory  and  has  many  industries  that 
can  utilize  it  located  along  it. 

Ca7i>al  lands. — ^An  interesting  point  to  note  is  that  the  act  of  Con- 
gress approved  March  2,  1827,  granting  certain  lands  to  the  State 
in  aid  of  building  this  canal  provided  that  the  lands  were  subject 
to  the  disposal  of  the  State  legislature  "  for  the  purpose  aforesaid 
and  no  other,"  and  that  ''  said  canal,  when  completed,  shall  be  and 
forever  remain  a  public  highway  for  the  purpose  of  the  Government 
of  the  United  States."  The  Department  of  cTustice  has  held  that  the 
State  should  maintain  the  canal  to  fulfill  its  part  of  the  contract, 
or  return  the  consideration  to  the  United  Stateis. 

CHICAGO    SANITARY    CANAL. 

The  general  location  of  the  Chicago  sanitary  and  sliip  canal  is 
shown  on  plates  IL  4,  and  5. 

Description. — The  Chicago  sanitary  and  ship  canal  parallels 
the  Illinois  and  Michigan  canal  from  a  point  on  the  west  fork 
of  the  south  branch  of  Chicago  River  to  the  canal  basin  in  Des 
Plaines  River  above  Joliet,  a  distance  of  32.35  miles.  As  proiected 
the  depth  of  water  was  to  be  24.3  feet,  the  canal  prism  in  rock  was 
to  be  160  feet  wide  at  the  bottom  and  162  feet  wide  at  the  top, 
while  in  earth  the  prism  was  to  be  202  feet  wide  on  the  bottom  and 
300  feet  at  the  water  surface,  with  side  slopes  of  2  to  1  under  water 
and  li  to  1  above.  As  actually  constructed  the  dimensions  are  as 
follows :  From  Robey  street  in  Chicago  to  Summit,  7.8  miles,  162  feet 
wide  at  bottom  and  226  feet  at  water  fine ;  Summit  to  Willow  Springs, 
5.3  miles,  202  feet  wide  at  bottom  and  290  feet  at  water  line;  Willow 
Springs  to  the  controlling  works  at  Lockport,  14.95  miles,  160  feet 
wide  at  bottom  and  162  feet  at  water  line.  At  the  controlling 
works  there  is  a  fan-shaped  basin  with  an  extreme  width  of  502  feet. 
From  these  works  to  the  lock  at  the  power  plant  between  Lockport 
and  Joliet.  2  miles,  the  channel  is  of  irregular  width,  nowhere  less 
than  160  leet.  The  reach  from  Robey  street  to  Summit  was  exca- 
vated wholly  in  earth.  Originally  only  the  south  side  of  the  canal 
was  excavated,  the  bottom  width  being  110  feet.  In  1912  to  1914 
it  was  widened  on  the  north  side  to  the  dimensions  given  above. 
From  Summit  to  Willow  Springs  the  excavation  was  mostlv  in 
earth,  but  there  was  some  rock  in  the  bottom  of  the  prism.  1 1'om 
Willow  Springs  to  Lemont  the  excavation  below  water  line  was 
largely  in  rock.  From  Lemont  to  the  end  of  the  canal  the  excava- 
tion was  almost  entirely  in  rock.  The  depth  of  water  in  the  canal 
upstream  from  the  power  house  is  22  to  26  feet.  The  lock  is  130 
feet  long  and  22  feet  wide,  with  12  feet  of  water  over  the  sills.  Its 
average  lift  is  36  feet.  From  the  lock  to  the  Illinois  and  Michigan 
canal  basin  at  Joliet,  2.3  miles,  through  rock,  the  canal  has  a  mini- 
mum depth  of  water  of  10  feet,  bottom  width  of  160  feet  and  top 
width  or  162  feet.  It  is  planned  by  the  sanitary  district  to  build  a 
larger  lock  when  it  is  needed,  unless  the  80  by  900  foot  lock  planned 
by  the  State  of  Illinois  and  described  previously  is  constructed. 

The  entrance  of  the  canal  at  Robey  Street  is  6  miles  from  Lake 
Michigan,  measured  along  the  Chicago  River.    Originally  the  Chi- 
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cago  River  was  a  sluggish  stream,  nearly  stagnant  during  the  greater 
pait  of  the  yean  but  hnving  a  rapid  current  in  rainy  seasons.  At 
times  it  discharged  not  only  the  run-off  from  its  own  watershed, 
but  a  quantity  of  water  from  the  Des  Plaines  River,  which  passed 
over  the  low  divide  between  the  two  streams.  Between  Robcy 
Street  and  the  lake  the  Chicago  River  now  has  a  least  depth  of  21 
feet  in  mid-channel  and  to  within  20  feet  of  docks,  except  for  the 
short  distance  between  Robey  Street  and  Ashland  Avenue,  whero 
the  least  depth  is  20  feet.  The  Sanitary  District  of  Chicago,  owner 
of  the  canal,  aims  to  secure  a  depth  of  26  feet  for  the  miastream 
width  of  100  feet,  shoaling  to  16  feet  at  the  docks,  with  a  clear 
river  width  of  200  feet  between  dock  lines. 

The  controlling  works  are  at  Lockport,  Ill.i  on  the  northwest  side 
of  the  canal.  They  comprise  a  bear-trap  dam  160  feet  wide  with 
a  vertical  play  of  17  feet,  and  seven  sluice  gates  of  the  Stoney  tvpe, 
each  30  feet  wide  and  having  a  vertical  play  of  20  feet.  These 
works  provide  a  very  efficient  means  of  controlling  the  flow  of  water 
through  the  canal.  To  a  limited  extent  the  canal  discharge  may  be 
controlled  at  the  power  plant,  where,  besides  the  lock,  there  are  two 
drum  dams,  one  12  feet  lone  and  one  48  feet  long,  each  having  a 
vertical  play  of  18  feet.  The  narrower  one  is  nearer  the  power 
house  and  is  designed  for  use  as  an  ice  run.  A  butterfly  dam  is 
located  just  below  the  controlling  works  at  Lockport,  furnishing 
means  for  closing  off  the  portion  of  canal  leading  to  the  lock  ana 
power  house.  It  is  a  swing  bridge  affair  with  center  pivot  located 
on  a  pier  in  midstream.  There  is  a  channel  80  feet  wide  on  each 
side  ox  the  center  pier. 

There  are  18  bridges  across  the  canal.  Two  of  these  are  fixed 
and  allow  a  free  passage  40  feet  wide  with  18  feet  of  headroom 
above  the  water  surface.  The  other  bridges  are  either  swing  or 
bascule  movable  bridges,  but  12  of  these  can  not  be  opened  because 
the  operating  machinery  has  never  been  installed,  although  the 
State  law  required  that  they  should  be  operative  by  January  17, 
1909.  The  least  headroom  under  the  inoperative  movable  bridges 
is  about  16J  feet.  There  are  two  bridges  at  Lockport  with  a  clear- 
ance above  the  water  of  only  4.8  feet,  but  these  are  in  commission. 

The  Sanitary  District  began  dredging  in  the  Chicago  River  in 
1896.  Excavation  of  the  A&in  Drainage  Canal  was  commenced  on 
"  Shovel  Day,"  September  3,  1892.  The  canal  was  first  opened  for 
the  passage  of  water  on  January  17,  1900.  The  cost  of  the  Main 
Drainage  Canal,  Chicago  River  improvement^  and  other  items  pro- 
viding a  navigable  waterway  from  Lake  Michigan  to  Joliet  has  been 
approximately  $50,000,000.  This  figure  does  not  include  the  items 
required  for  sanitary  or  power  development  purposes,  but  in  no  way 
necessaiy  for  navigation.  The  annual  cost  of  maintenance  of  the 
Main  Drainage  Canal  is  roughly  $75,000. 

TrccffiG, — ^The  use  of  the  canal  for  navigation  is  very  small.  In 
1917  there  were  160  boats  locked  through  at  the  power  house.  The 
largest  boat  passing  the  lock  was  75  feet  long  by  14  feet  beam,  and 
the  average  size  was  about  40  feet  by  8  feet.  In  addition  there  is 
a  traffic  on  the  canal  hauling  stone  from  Lockport  to  Chicago. 

No  tolls  are  charged  against  vessels  navigatmg  the  canal  or  pass- 
ing the  lock. 
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Di/vergion, — ^It  has  never  been  necessary  to  estimate  the  diversion 
of  water  from  Lake  Michigan  which  would  be  required  to  operate 
the  drainage  canal  as  a  navigable  waterway,  provided  no  sewage  or 
water  for  sewage  dilution  or  water  for  power  development  purposes 
were  discharged  into  it,  but  it  seems  prooable  that  500  cubic  feet  per 
second  would  su£Bce  amply.  If  the  Des  Plaines  and  Illinois  River 
route  for  8-foot  navigation  is  developed,  1,000  cubic  feet  per  second 
may  be  required  from  Lake  Michigan. 

Illustrations, — ^Photograph  No.  12  is  of  the  rock  section  of  the 
Main  Drainage  Canal.  Photograph  No.  13  shows  a  portion  of  the 
controlling  works,  including  the  seven  Stoney  gates,  one  end  of  the 
bear-trap  dam,  the  control  house  for  one  end  of  the  dam,  and  a 
portion  of  the  bridge  spanning  the  dam.  At  the  controlling  works 
there  are  eight  bays  without  gates,  similar  to  the  seven  bays  which 
have  Stoney  gates.  Originally  it  was  thought  that  gates  might  be 
installed  in  these  bays  later,  but  this  plan  has  been  abandoned.  No. 
14  is  a  picture  of  the  bear-trap  dam.  No.  15  shows  the  drum  dams, 
the  downstream  end  and  lower  gates  of  the  present  lock,  and  a  por- 
tion of  the  power  house.  No.  16  is  a  view  of  State  Dam  No.  1  at 
tToliet.  The  entrance  to  the  Illinois  and  Michigan  Canal  is  on  the 
far  side  of  the  river. 

3.   WEIiLAND  CANAIi. 

The  diversion  of  water  from  Lake  Erie  through  the  Welland  Canal 
appears  to  have  been  approximately  as  follows :  During  the  season  of 
navigation  of  1917,  4,600  cubic  feet  per  second;  during  the  follow- 
ing closed  season,  4,300;  during  the  navigation  season  of  1918,  4,400; 
during  the  closed  season,  4,100.  In  addition  there  was  a  supply  of 
about  40  cubic  feet  per  second  from  the  Grand  River,  a  tributary  of 
Lake  Erie.  These  ngures  are  averages,  and  so,  of  course,  the  diver- 
sion has  at  times  exceeded  these  amounts.  Of  these  diversions  1,100 
cubic  feet  per  second  was  used  for  navigation,  including  lockage, 
leakage,  and  waste,  during  the  open  season,  and  800  cubic  feet  per 
second  during  the  closed  season.  Of  the  remainder  a  very  small 
amount  was  used  for  sanitary  purposes  and  the  balance  for  power  de- 
velopment. The  diversion  from  the  Grand  River  was  begun  in  1883. 
The  diversion  direct  from  Lake  Erie  was  begun  in  1881. 

In  the  succeeding  paragraphs  there  is  given  a  general  description 
and  brief  history  of  the  canal,  with  special  reference  to  the  naviga- 
tion features.    The  power  features  are  treated  in  section  C. 

Description. — The  Welland  Canal  connects  Lake  Erie  with  Lake 
Ontario.  It  is  in  Canada  5^  miles  west  of  Niagara  River  at  the 
point  where  the  distance  is  least,  and  runs  approximately  north  from 
Port  Colborne,  19  miles  west  of  Buffalo  on  the  north  shore  of  Lake 
Erie,  to  Port  Dalhousie  on  the  south  shore  of  Lake  Ontario,  11 
miles  west  of  the  mouth  of  the  Niagara  River.  The  route  is  shown 
on  plate  No.  6.  The  mean  stage  of  Lake  Erie  for  the  years  1860  to 
1917,  both  inclusive  was  572.53  feet  above  mean  sea  level,  on  United 
States  standard  datum ;  while  for  the  same  years  the  mean  stage  of 
Lake  Ontario  was  246.18  feet;  making  the  average  drop  for  those 
years  from  upper  to  lower  lake  surface  326.85  feet. 

The  present  Welland  Canal,  which  is  26|  miles  long,  overcomes 
this  difference  in  elevation  by  means  of  25  lift  locks  and  one  guard 


DIVERSION  OF  WATER  FROM  GREAT  LAKES  AND  NIAGARA  RIVER.     117 

lock.  The  locks  are  270  feet  long,  45  feet  wide,  and  have  14  feet 
depth  of  water  on  the  miter  sills.  Maximum  available  length  for 
boats  is  255  feet.  The  average  lift  is  13  feet,  the  maximum  lift  at 
any  lock  being  about  18  feet.  The  lock  valves  are  in  the  gates  and 
are  operated  by  hand.  The^ates  themselves  are  operated  electrically. 
The  guard  Iock  is  at  Port  Colborne,  one-half  mile  from  the  entrance 
to  the  canal.  From  there  the  canal  extends  17  miles  at  Lake  Erie 
level,  except  for  the  slight  drop  necessary  to  create  a  flow  of  water 
toward  LaKe  Ontario,,  to  the  guard  gates  just  above  Lock  No.  25.  The 
distance  along  the  canal  from  the  guard  ^tes  to  Lock  No.  1  at  Port 
Dalhousie  is  9^  miles.  There  are  no  Iocks  in  flight,  and  the  levels 
between  locks  are  in  all  cases  at  least  long  enoufi;h  and  wide  enough 
to  permit  boats  to  pass.  The  depth  in  the  upper  level  is  controlled  by 
the  elevation  of  Lake  Erie.  At  low  stages  of  the  lake  the  depth  on 
the  sill  of  the  guard  lock  at  Port  Colborne,  No.  26,  is  less  than  13  feet, 
and  at  extreme  low  stage  this  depth  has  been  as  small  as  10^  feet 
The  canal  prism  was  excavated  in  earth  except  for  a  short  rock  cut 
just  north  of  Port  Colborne,  shallow  rock  cuttings  south  of  the  guard 
gates,  and  shallow  to^  heavy  rock  cuttings  at  the  lock  sites.  Bottom 
width  is  100  feet,  the  side  slopes  being  1  on  2.  At  the  city  of 
Welland,  8  miles  from  Lake  Erie,  the  canal  is  carried  over  the 
Welland  River  on  a  concrete  viaduct. 

History, — ^A  brief  history  of  the  present  Welland  Canal  and  its 
predecessors  is  as  follows:  The  construction  of  the  first  Welland 
Canal  was  begun  in  1824  by  a  private  corporation.  In  May,  1833, 
the  canal  was  opened  from  Port  Colborne  to  Port  Dalhousie  for 
navigation.  The  depth  was  7|  feet,  the  bottom  width  of  prism 
being  26  feet  in  earth  and  15  feet  in  rock.  There  was  a  long  summit 
level  8  feet  above  the  level  of  Lake  Erie,  fed  from  the  Grand  River 
by  a  feeder  canal  21  miles  long,  which  ran  in  a  northeasterly  direc- 
tion from  Dunnville  on  the  Grand  River  to  Welland  on  the  canal. 
In  1841  the  Canadian  Government  purchased  the  canal  rights  and 
in  1842  began  an  enlargement  which  was  completed  in  1850.  As 
enlarged  the  canal  prism  was  8^  feet  deep  and  26  feet  wide  on  the 
bottom,  and  the  feeder  was  increased  to  tne  same  size.  Subsequent 
to  1854,  by  the  addition  of  copings  the  navigable  depth  of  the  canal, 
but  not  ox  the  feeder,  was  increased  to  10  feet.  In  1872  the  Gov- 
ernment determined  on  a  scheme  for  the  general  enlargement  of  the 
canal,  the  adoption  of  the  Lake  Erie  level,  and  the  obtaining  of  a 
wat^r  supply  from  Lake  Erie  at  Port  Colborne,  in  addition  to  the 
limited  supply  coming  through  the  feeder  from  Grand  River,  This 
canal  was  an  enlargement  of  the  old  canal  from  Port  Colborne  to 
AUanbur^,  about  15  miles,  but  from  there  to  Port  Dalhousie  followed 
an  entirely  new  route  somewhat  east  of  the  old  line.  In  1882  this 
improved  canal  was  opened  for  12-foot  navigation.  When  the  aque- 
duct at  Welland  was  completed  in  1887  this  canal,  now  known  as  the 
Present  Welland  Canal,  was  made  available  for  14- foot  navigation, 
he  portion  of  the  old  canal  from  AUanburg  to  Port  Dalhousie 
has  been  retained  and  is  open  to  navigation  but  has  been  used  only 
a  very  few  times  in  many  years.  It  is  three- fourths  mile  longer  than 
the  Ime  which  replaced  it  and  has  26  locks,  each  45  feet  wide  and 
with  lOi  feet  of  water  on  the  sills.  Two  of  the  locks  are  200  feet  lon^ 
and  24  are  .150  feet  long.    The  old  canal  is  used  for  water-power 
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development,  as  will  be  explained  later.  There  are  numerous  rail- 
road and  highway  bridges  spanning  the  canal.  These  are  all  swing 
bridges,  which  open  on  signal.  Many  of  them  have  very  little  clear- 
ance above  the  water  surface  when  closed. 

Cost  amd  traffic. — The  original  cost  of  the  old  Welland  Canal,  in- 
cluding the  first,  enlargement,  was  $7,693,824.  Subsequent  enlarge- 
ments, including  construction  of  the  present  canal,  raised  the  original 
cost  to  $29,431,758.  Maintenance,  operation,  and  repairs  up  to  A&rch 
31,  1917,  amounted  to  $10,121,846. 

The  total  amount  of  freight  carried  in  recent  years  has  been  as 
follows:  In  1915,  3,016,012  tons:  in  1916,  2,544,964  tons;  and  in  1917, 
2,490,542  tons.  Approximately  two-thirds  of  this  was  eastbound. 
The  maximum  yearly  tonnage  was  carried  previous  to  1915,  The 
number  of  vessel  passages  in  1916  was  2,552. 

Tolls  were  charged  up  to  1904,  and  since  that  time  the  canal  has 
been  free  of  tolls.  Up  to  March  31,  1917,  the  total  amount  collected 
from  tolls,  wharfage,  harbor  dues,  water  rentals,  and  other  rents  was 
$1,560,396. 

Dvoersians. — Nothing  is  known  of  the  quantitv  of  water  originally- 
supplied  from  the  Grand  River.  Evidently  the  supply  was  more 
than  the  requirement  for  navigation  uses,  for  leases  covering  the 
development  of  water  power  at  the  locks  were  made  as  early  as  1851. 
although  the  first  Lake  Erie  water  was  not  admitted  to  the  canal 
until  1881.  At  present  the  supply  through  the  Dunnville  feeder  is 
officially  reported  to  be  40  cubic  feet  per  second.  Combining  official 
reports  with  the  results  of  field  inspection,  it  has  been  computed 
that  in  1918  the  direct  diversion  from  Lake  Erie  averaged  4,400 
cubic  feet  per  second  during  the  navigation  season  and  4,100  during^ 
the  closed  season.  The  maximum  diversion  at  any  one  time  ran 
somewhat  above  the  mean,  but  is  not  known.  In  1917  the  diversion 
was  200  cubic  feet  per  second  greater.  The  officially  reported 
amount  used  in  lockage  and  leakage  below  AUanburg  is  1,100  cubic 
feet  per  second  during  the  season  of  navigation  ana  800  cubic  feet 
per  second  during  closed  season. 

New  Welland  Canal* — ^In  1913  work  was  commenced  on  the  New 
Welland  Canal,  sometimes  called  the  Welland  Ship  Canal.  This 
canal  will  be  just  25  miles  long  and  will  overcome  the  difference  in 
elevation  of  the  two  lakes  in  seven  lifts  of  46^  feet  each,  and  one 
lift,  at  the  guard  lock,  which  will  vary  from  nothing  at  all  to  12 
feet,  depending  on  the  stage  of  Lake  Erie.  From  Lake  Erie  the 
new  canal  follows  the  line  of  the  present  canal  to  Allanburg,  15 
miles,  except  for  two  cut-offs,  which  straighten  the  alignment  some- 
what. The  Humberstone  cut-off,  so-called,  begins  IJ  miles  from  the 
lake  and  is  about  1^  miles  lon^,  passing  to  the  west  of  the  present 
canal.  The  new  guard  lock  will  be  located  on  this  cut-off,  and  the 
present  canal  will  provide  a  by-pass  for  the  flow  of  water  around 
the  lock.  The  other  cut-off  commences  at  the  Welland  Aqueduct^ 
and  follows  the  line  of  Welland  River,  just  east  of  the  present  canaL 
about  4  miles  to  the  town  of  Port  Robinson,  at  which  point  the  Wel- 
land River  turns  eastward  to  the  Niagara  River.  A  dam  is  to  be 
constructed  across  the  Welland  River  at  Port  Robinson,  raising  the 
water  level  of  the  river  about  10  feet.  The  aqueduct  at  WeUanawiU 
be  removed.  The  level  from  the  Humberstone  guard  lock  to  Lock 
No.  7  at  Thorold,  3  miles  north  of  Allanburg,  will  be  maintained  at 
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elevation  568  feet  above  mean  sea  level.  At  AUanburg  the  new  canal 
leaves  the  present  canal,  the  new  route  Ijdng  to  the  east  of  the  old 
as  far  as  the  Present  Lock  No.  25,  a  distance  of  about  2^  miles.  Just 
below  Lock  25  the  two  canals  are  to  cross  at  grade.  From  there  the 
new  route  lies  west  of  the  old  and  runs  almost  due  north  for  3  miles 
to  another  crossing  of  the  present  canal  at  erade  a  short  distance 
downstream  from  present  Lock  No.  11.  New  Lock  No.  7  is  at  Thor- 
old.  Locks  Nos.  4,  5,  and  6  are  between  Thorold  and  the  lower 
canal  crossing.  They  are  in  flight  and  are  twins;  that  is,  six  locks 
arranged  two  abreast  in  one  mammoth  concrete  block.  From  the 
lower  crossing  of  the  present  canal  the  new  route  follows  the  valley 
of  Tenmile  Creek  in  a  direction  slightly  east  of  north  a  distance  of 
5  miles  to  Lake  Ontario.  At  the  mouth  of  Tenmile  Creek,  3  miles 
east  of  Port  Dalhousie,  an  artificial  harbor  has  been  constructed, 
known  as  Port  Weller.  Lock  No.  3  is  just  below  the  lower  crossing 
of  the  present  canal  and  Lock  No.  1  is  near  Port  Weller,  Lock  No.  2 
bein^  approximately  halfway  in  between.  The  locks  are  to  have  a 
usable  width  of  80  feet  and  usable  length  of  800  feet,  with  80  feet 
depth  of  water  on  the  miter  sills  at  extreme  low  stage.  They  will 
be  885  feet  long  from  hinge  to  hinge  of  the  gates.  The  lock  gates 
will  be  of  single-leaf  type.  Guard  gates  will  be  installed  above  tock 
No.  7.  The  canal  prism  is  to  be  ^30  feet  wide  at  bottom,  310  feet 
wide  at  water  line,  and  25  feet  deep.  It  is  planned  that  the  canal 
mav  ultimately  be  deepened  to  30  feet,  and  for  that  reason  the  locks 
and  all  masonry  structures,  such  as  retaining  walls  and  piers  are 
designed  for  the  30- foot  depth.  The  canal  excavation  is  almost  en- 
tirely in  earth,  and  the  cutting  is  something  like  30  feet  deep  on  the 
average,  although  there  is  a  50  to  60  foot  cut  about  2  miles  long, 
the  maximum  cutting  being  66  feet.  The  locks  are  founded  on  either 
limestone  or  shale  rock.  The  estimated  cost  was  $50,000,000.  On 
March  31,  1917,  construction  work  on  the  new  canal  was  postponed 
indefinitely  on  account  of  the  war. 

In  organizing  the  construction  work  the  new  route  was  subdivided 
into  nine  sections,  which  were  numbered  in  order  from  Lake  Ontario. 
Section  1  included  Port  Weller,  the  new  haribor  on  Lake  Ontario,  and 
extended  about  3  miles  from  the  outer  end  of  the  harbor,  including 
Lock  No.  1.  Section  2  was  about  4}  miles  long,  and  included  Locks 
Xos.  2  and  3.  Section  3  was  about  2  miles  long,  and  included  the 
flight  of  twin  locks,  Nos.  4, 5,  and  6,  and  the  single  lock.  No.  7.  These 
three  sections  cover  the  route  from  Lake  Ontario  up  to  the  Lake 
Erie  level  at  Thorold.  Section  5  extended  alon^  the  present  canal 
from  Allanbnrg  to  Port  Robinson,  the  work  involving  widening  and 
deepening  the  existing  prism.  These  four  sections  were  placed  under 
contract  m  the  smnmer  and  fall  of  1913.  Up  to  the  date  of  suspen- 
sion of  operations  the  progreBa  had  been  such  that  sections  1  and  5 
were  considered  two-thirds  complete  each,  section  2  half  complete, 
and  section  3  one-third  complete.  Nothing  further  has  been  done 
to  this  new  canal  until  recently.  The  total  expenditure  upon  it  to 
date  has  been  $18,693,923. 

It  is  ofBcially  reported  that  the  maximum  diversion  of  water  from 
Lake  Erie  requirea  by  the  new  canal  for  navigation  will  be  approxi- 
mately 2,000  cuUc  feet  per  second.  The  general  location  of  the 
Welland  Canal  is  shown  on  plate  1.    On  plate  6  the  old,  present,  and 
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new  Welland  Canals  are  shown  more  in  drtail,  as  well  as  their  re- 
lation  to  Niagara  Kiver.  Photographs  Nos.  17  to  22,  inclusive,  are 
illustrative  or  the  present  Welland  Canal,  while  photographs  Nos* 
22  to  25,  inclusive,  are  illustrative  of  the  old  Welland  Canal.  Ex- 
planations are  given  beneath  the  pictures. 

4.   BLACK  ROCK  CANAL. 

Water  from  Lake  Erie  is  diverted  around  the  head  of  Niagara 
Biver  through  the  Black  Rock  Canal  for  a  distance  of  about  4  miles. 
At  the  lower  end  of  the  canal  some  of  the  water  passes  into  the  head 
of  the  old  Erie  Canal.  The  rest  passes  through  Black  Bock  Lock 
out  into  Niagara  Biver.  There  is  a  small  leakage  from  the  Black 
Bock  Canal  into  Niagara  Biver  along  the  upper  portions  of  Bird 
Island  Pier.  The  amount  of  this  leakage  was  estimated  to  be  about 
260  cubic  feet  per  second.  From  the  lock  records  the  requirement 
for  lockage  and  waste  at  Black  Bock  Lock  is  approximately  50  cubic 
feet  per  second.  In  addition  to  these  two  quantities  there  is  diverted 
down  the  Black  Rock  Canal  whatever  water  flows  in  the  Erie  Canal 
at  Black  Bock.  This  quantity  has  been  as  gj^^^  ^^  1,000  cubic  feet 
per  second.  Since  the  removal  of  the  dam  at  Tonawanda  in  the  early 
spring  of  .1918  and  the  construction  of  the  temporary  dam  acro^ 
the  old  Erie  Canal  at  Tonawanda,  the  flow  into  the  upper  end  of 
the  Erie  Canal  at  Black  Bock  has  been  small,  about  400  cubic  feet 
per  second.  This  has  been  spilled  into  Niagara  Biver  at  Tonawanda, 
except  for  what  was  lost  by  seepage  and  evaporation.  The  Erie 
Canal  as  improved  to  form  the  barge  canal  now  receives  its  western 
water  supjply  from  Niagara  Biver  at  Tonawanda. 

Following  is  a  brief  description  of  the  canal  and  lock  of  the  Black 
Bock  Canal,  with  statements  regarding  the  navigation  features. 
The  old  power  developments  are  referred  to  briefly  in  Section  C. 

DesoripUon. — The  general  relation  of  the  Black  Bock  Canal  to 
Niagara  Biver  is  shown  on  plate  No.  6.  The  canal  and  lock  are 
shown  better  on  plate  No.  7. 

The  Niagara  Kiver  breaks  out  from  Lake  Erie  over  a  ledge  of 
limestone  abreast  of  the  city  of  Buffalo,  N.  Y,  Not  far  from  the 
lake  the  stream  is  only  1,600  feet  wide  at  its  narrowest  place.  In  this 
cross  section  it  has  a  maximum  depth  of  15  feet  at  mean  stage  and 
a  velocity  approximating  .8  miles  per  hour.  The  fall  from  Horse- 
shoe Beef  Light,  at  the  head  of  the  river,  to  the  foot  of  Squaw 
Island,  3f  miles,  is  approximately  5.1  feet,  varying  somewhat  with 
the  stage  of  Lake  Erie.  From  Squaw  Island  the  river  slope  is  com- 
paratively gentle,  for  about  16  miles  by  the  shortest  route,  to  the 
head  of  the  rapids  above  the  Falls. 

To  aid  navigation  in  passing  this  swift  shallow  portion  of  the 
river  a  channel,  known  as  the  Black  Bock  Canal,  has  been  con- 
structed along  the  eastern  edge  of  the  river  from  Buffalo  Harbor  to  the 
foot  of  Squaw  Island.  The  upper  end  of  Black  Bock  Channel  is  at 
the  foot  of  Maryland  Street,  about  a  mile  from  the  north  or  main  en- 
trance to  Buffalo  Harbor.  The  channel  which  has  been  dredged 
from  the  main  entrance  of  the  harbor  to  the  canal  is  21  feet  deep,  and 
is  400  feet  wide  from  the  southerly  end  of  the  north  breakwater  to 
the  northerly  end  of  the  State  breakwater,  abreast  the  foot  of  Georgia 
Street,  and  500  feet  wide  from  there  to  the  head  of  the  canal.  On  ac- 


DIVERSION  OF  WATER  FROM  GREAT  LAKES  AND  NIAGARA  RIVER.     121 

count  of  shoaline  at  the  Lake  entrance,  the  present  available  depth  is 
about  18  feet.  The  canal  itself  is  formed  by  a  breakwater  largely 
of  rock,  known  as  Bird  Island  Pier,  extending  from  a  point  opposite 
the  foot  of  Maryland  Street  to  the  head  of  Sauaw  Island,  about 
^  miles,  and  by  the  passage  between  Squaw  Island  and  the  main 
shore.  Within  this  space,  which  is  3^  miles  long,  and  varies  from 
220  to  1,400  feet  in  width,  is  a  dredged  channel  21  fieet  deep  and 
200  feet  wide  extending  for  3^  miles  from  the  head  of  Bird  island 
Pier  to  the  lock  near  the  foot  of  Squaw  Island.  This  channel  is  240 
feet  wide  on  curves,  and  is  only  150  feet  wide  at  the  Ferry  Street  and 
International  bridges.  These  are  the  only  bridges  crossing  the  canal 
and  they  have  clear  openings  of  150  feet  in  each  case,  the  brid^  at 
Ferry  Street  being  of  the  bascule  type  and  the  International  Bridge 
of  the  swing  type.  The  clear  headroom  under  these  bridges  when 
closed,  at  mean  stage,  is  15  feet.  The  canal  water  surface  is  at  Lake 
il^rie  elevation  at  us  upper  end,  and  has  only  a  very  slight  drop  to 
the  lock. 

The  Black  Eock  Lock,  connecting  the  canal  with  the  Niagara 
River  near  the  foot  of  Squaw  Island,  is  650  feet  lonp  between  hollow 
quoins  and  70  feet  wide,  nas  a  usable  length  of  625  leet,  usable  width 
of  68  feet,  depth  of  22  feet  on  the  miter  sills  at  low  stage,  and  aver- 
age lift  01  about  5  feet.    It  is  electrically  operated  and  ughted. 

The  river  portion  of  Bird  Island  Pier,  extending  from  the  head 
of  Squaw  Island  up  to  Bird  Island,  was  constructed  by  the  State 
between  1823  and  1825  in  connection  witli  the  building  of  the  Erie 
Canal.  At  this  time  the  dike  between  Squaw  Island  and  the  main 
shore  was  built  also.  These  structures,  in  fact,  formed  a  part  of  the 
Erie  Canal.  Between  1829  and  1834  the  United  States  Grovemment 
extended  and  repaired  the  upstream  end  of  Bird  Island  Pier,  and  be- 
tween 1869  and  1872  extended  the  pier  from  Bird  Island  to  a  point 
opposite  the  foot  of  Hudson  Street.  In  1891  and  1892  the  pier  was 
extended  900  feet  to  a  point  opposite  the  foot  of  Marvland  Street. 
About  1825,  mills  were  established  on  the  dike  between  Squaw  Island 
and  the  mainland,  to  develop  water  power  provided  by  the  5-foot 
head  of  water  held  up  bj  the  dike.  Water  for  power  development 
was  used  in  such  quantities  by  these  mills  as  to  create  a  current  very 
detrimental  to  canal  navigation.  To  remedv  this  condition  the  State 
constructed  an  intermediate  wall  between  Bird  Island  Pier  and  the 
main  shore,  some  time  between  1854  and  1867,  providing  a  separate 
channel  70  feet  wide  for  the  Erie  Canal,  adjacent  to  the  mainland. 
It  was  found  that  the  water  passing^  down  this  70*  foot  channel  to 
supply  the  navigation  needs  of  the  Erie  Canal  created  too  great  a 
current,  and  accordingly,  after  1871,  the  middle  wall  was  moved  out 
for  the  greater  part  of  its  length  and  the  main  bank  was  cut  back 
sufficiently  to  provide  a  channel  for  the  Erie  Canal  150  feet  wide. 
This  division  wall  was  never  guite  completed  at  its  downstream  end. 

Black  Rock  Lock. — Some  time  previous  to  1840  a  ship  lock  was 
built  between  Squaw  Island  and  the  mainland.  It  was  of  timber, 
and  soon  decayed  and  leaked  badly.  In  1841  a  new  stone  lock  was 
commenced,  but  its  construction  was  greatlv  delayed  by  financial 
difficulties  of  the  State,  and  was  not  completed  until  1851.  This 
lock,  which  was  sometimes  called  the  ^^sloop''  lock,  was  in  operation 
until  1913,  when  it  was  removed,  between  July  and  November,  to 
make  room  for  the  new  approach  channel  to  the  present  lock.    The 
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old  lock  was  200  feet  lonff,  36  feet  wide,  and  had  about  9^  feet  of 
water  on  the  sills  at  mean  lake  stage. 

Construction  of  the  present  lock  was  commenced  in  1907  and  com- 
pleted in  1913.  The  deepening  and  widening  of  the  channel  and 
building  of  Ferry  Street  JBridge  were  not  finished  until  1914.  The 
present  canal  was  opened  to  navigation  August  17,  1914. 

Co»t  (md  trcuffic, — The  cost  of  uiis  waterway  to  the  State  of  New 
York  is  not  known.  The  expenditures  upon  it  by  the  United  States 
from  1826  to  June  30, 1918,  for  new  work  total  $3,945,563,  including 
$1,001,578  for  the  present  lock.  The  United  States  spent  very  little 
for  maintenance  of  it  until  the  opening  of  the  new  lock  and  cnannel 
in  1914,  and  the  maintenance  cost  to  the  State  is  not  known.  The 
expense  of  operation  and  maintenance  has  been  borne  by  the  United 
States  since  the  opening  in  1914,  and  has  amounted  to  $52,726. 

The  maximum  number  of  vevssel  passages  through  the  new  lock 
was  in  the  fiscal  year  ending  June  30,  1916,  and  was  9,829.  The 
number  of  vessel  passages  in  the  fiscal  year  ending  June  30,  1918, 
was  6,304.  Between  40  and  50  per  cent  of  these  passages  were  by 
motor  boats  or  craft  other  than  registered  vessels.  In  the  fiscal  year 
ending  June  30,  1918,  the  freight  carried  through  the  lock  amounted 
to  1,632,846  tons,  and  this  was  the  maximum  carried  in  any  fiscal 
year  since  the  opening  of  the  improved  waterway.  The  value  of 
this  freight  was  $8,579,217. 

Diversion, — The  amount  of  water  diverted  around  the  rapids  at 
the  head  of  Niagara  Kiver  has  never  been  known  accurately.  State- 
ments made  by  the  chief  engineer  and  canal  commissioners  of  the 
Erie  Canal  at  the  time  Bird  Island  Pier  was  about  to  be  constructed 
indicate  that  the  natural  discharge  of  the  river  through  th^  area  shut 
off  by  this  pier  was  far  greater  than  the  flow  ever  obtaining  down 
Black  Rock  Harbor  and  the  Erie  Canal.  In  recent  years  tne  dis- 
charge of  the  Erie  Canal  just  below  where  it  leaves  the  Black  Rock 
Canal  has  been  as  high  as  1,000  cubic  feet  per  second.  This  flow 
was  supplied  from  Lake  Erie  through  the  Black  Rock  Canal,  in  addi- 
tion to  the  small  requirements  for  lockage  at  the  Black  Rock  Sloop 
Lock,  and  whatever  water  leaked  out  at  the  lock  and  through  Bird 
Island  Pier.  At  the  present  time  the  portion  of  the  Erie  Canal  be- 
tween Buffalo  and  Tonawanda  is  not  in  use,  the  water  level. being 
held  up  by  a  temporary  dam  at  Tonawanda.  The  flow  required  is 
only  that  necessary  to  compensate  for  leakage,  seepage,  and  evapora- 
tion in  this  reach  of  the  old  canal.  In  addition  to  this,  however, 
there  is  spilled  into  Niagara  River  at  the  old  spillway  at  Tonawanda 
about  400  cubic  feet  per  second.  The  new  Black  Rock  Channel  must 
carry  this  water  and  also  enough  more  to  provide  for  lockage  at  the 
new  lock,  leakage  through  Bird  Island  Pier,  and  evaporation. .  It  is 
estimated  that  the  leakage  is  approximately  250  cubic  feet  per  sec- 
ond and  the  lockage  and  waste  at  the  lock  less  on  the  average  than  50 
cubic  feet  per  second.  Altogether  it  seems  probable  that  the  quantitv 
of  water  diverted  from  Lake  Erie  is  about  700  cubic  feet  per  second, 
300  of  which  is  returned  to  Niagara  River  within  a  distance  of  3^ 
miles. 

Three  photographs  are  presented  illustrating  this  waterway.  No. 
26  shows  the  new  lock  as  it  appears  to-day.  The  other  two,  Nos.  27 
and  28,  are  recent  views  of  the  canal.  Brief  descriptions  are  given 
beneath  the  pictures. 
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6.   NEW  YORK  STATE  BARGE  CANAL. 

The  western  portion  of  the  New  York  State  Barge  Canal  was 
oi>ened  in  midsummer  of  1918.  There  is  no  record  oi  the  quantity 
of  water  which  has  been  diverted  into  it  from  Niagara  River,  but  it 
is  I^eiieved  to  have  been  less  than  the  avera«?e  amount  assumed  to  l)e 
re(iuired  ultimately,  namely,  1,237  cubic  feet  per  second.  The  maxi- 
mum capacit3^  of  the  canal  to  Lockport  depends  on  the  stage  of  Lake 
Erie  and  on  the  depth  maintained  on  the  upper  sill  of  the  first  lock. 
It  varies  roughly  from  1,000  to  3,000  cubic  feet  per  second.  East  of 
Lockport  the  maximum  discharge  capacity  of  the  canal  is  1,600  cubic 
feet  per  second.  For  navigation  use  it  seems  likely  that  a  diversion 
of  1,000  to  1,500  cubic  feet  per  second  will  be  required.  A  portion 
of  the  water  thus  required  may  also  be  used  in  the  development  of 
power  at  Lockport  without  interfering  with  navigation. 

During  the  period  of  construction  of  the  western  part  of  the  barge 
canal,  from  1910  to  1918,  the  diversion  averaged  somewhat  less  than 
previously.  At  times  there  was  no  flow  in  the  canal  at  all  and  the 
prism  east  of  Pendleton  was  empty.  Previous  to  1910,  for  several 
vears,  the  diversion  which  then  came  from  Lake  Erie  by  way  of  the 
lilack  Rock  and  Erie  Canals  ranged  approximately  between  500  and 
1,000  cubic  feet  per  second.  Something  like  half  of  this  amount  was 
used  for  power  development  onl^. 

These  diversions  from  Lake  Erie  and  Niagara  Ri\^r  are  discharged 
into  Lake  Ontario  at  Oswego  and  at  various  points  between  Niagara 
River  and  Irondequoit  Bay,  except  for  the  portions  lost  by  seepage 
and  evaporation. 

In  addition  a  considerable  drainage  naturallv  tributary  to  Lake 
Ontario  is  diverted  into  the  barge  canal  from  Macedon  to  the  Rome 
Summit  level.  Except  for  the  losses  by  seepage  and  evaporation  this 
iinds  its  way  into  Lake  Ontario  at  Oswego.  There  is  also  an  average 
of  about  50  cubic  feet  per  second  from  the  Mohawk  Valley  and  35 
cubic  feet  per  second  from  the  Susquehanna  River  drainage  basin 
diverted  into  this  portion  of  the  canal,  and  thus  discharged  into  the 
Great  Lakes  system  at  Oswego. 

The  general  location  of  the  New  York  State  Barge  Canal  is  shown 
on  plate  No.  1.  On  plate  No.  8  the  portion  of  the  canal  mainly  under 
discussion  is  shown  more  in  detail. 

A  description  and  brief  history  of  the  canal  with  special  reference 
to  its  navigation  features  is  given  in  the  following  paragraphs.  In 
Part  C  of  this  report  is  a  short  treatment  of  the  power  development 
along  the  canal. 

DescHption, — The  present  New  York  State  Barge  Canal  system 
provides  a  waterway  of  12  feet  minimum  depth  and  not  less  than 
94  feet  width,  except  at  locks,  from  Buflfalo  on  Lake  Erie,  to  the 
Hudson  River  at  Waterford,  and  thence  on  down  the  Hudson  past 
Troy  and  Albany  to  New  York  City.  The  Champlain  branch  from 
Waterford  to  Lake  Champlain  is  of  like  dimensions,  as  are  also  the 
short  lateral  branches  at  Rochester  and  Syracuse,  the  Oswego  branch, 
connecting  the  main  canal  ^th  Lake  Ontario  at  Oswego,  and  the 
Cayuga  and  Seneca  Canal  connecting  the  main  canal  with  Cayuga 
and  Seneca  Lakes.  The  main  or  Erie  branch  Droi>er,  which  is  the 
improved  Erie  Canal,  has  its  western  end  in  the  N  iagara  River  at  the 
TOouth  of  Tonawanda  Creek,  at  Tonawanda,  N.  Y,,  and  its  eastern 
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end  in  the  Hudson  River  at  Waterford.  The  distance  between  these 
two  points,  as  measured  along  the  center  line  of  the  canal,  is  338.4 
miles.  From  Tonawanda  the  barge  canal  route  continues  up  the 
Niagara  Eiver  and  passes  through  the  Black  Rock  Ship  Lock  and 
Channel  12.4  miles  to  a  State  terminal  at  Buffalo. 

From  Waterford  the  route  follows  down  the  Hudson  River  2.3 
miles  to  the  lock  and  dam  at  Troy,  at  the  head  of  tidewater,  and 
then  continues  7.7  miles  farther  to  Albany,  and  thence  on  down  to 
New  York  City.  It  is  353.1  miles  from  JBuffalo  to  Troy  via  the 
canal,  and  163  miles  from  Troy  to  the  Battery  in  New  York  City, 
or  506.1  from  Buffalo  to  New  x  ork  by  the  route  of  the  barge  canaL 
The  Champlain  Canal  is  60.7  miles  long,  the  Cayuga,  and  Seneca 
Canal  27.2  miles  long,  and  the  Oswego  Canal  23.4  miles  long.  Alto- 
gether the  barge  canal  system,  counting  the  lakes,  but  not  Erie  and 
Ontario,  provides  790  miles  of  navigation  of  barge  canal  dimensions. 
In  addition  there  are  portions  of  the  older  canals  still  available  for 
use,  as  will  be  noted  later. 

Leaving  the  Niagara  River  at  Tonawanda  the  barge  canal  follows 
a  northeasterly  direction  about  18  miles  to  Lockport.  There  it  turns. 
and  follows  a  generally  easterly  direction,  approximately  parallel 
with  and  10  miles  south  of  the  shore  of  Lake  Ontario,  for  60  miles^ 
to  the  Genesee  River.  Continuing  easterly  its  route  reaches  the  head 
of  Oswego  River  approximately  90  miles  from  the  Genesee,  as  meas- 
ured along  the  canal.  Thence  the  route  extends  on  eastward,  pass- 
ing through  the  20  miles  of  length  of  Oneida  Lake,  to  the  Kome 
Summit  level,  and  on  down  along  the  Mohawk  River  to  Albany.  It 
is  37  miles  along  the  canal  route  from  the  head  of  Oswego  River  to- 
I-iOck  No.  21,  at  the  westerly  end  of  the  Rome  Summit  level.  This 
level  is  18.22  miles  long. 

From  Tonawanda  to  Pendleton,  9.58  miles,  the  canal  is  in  Tona- 
wanda Creek,  except  for  three  cut-offs  at  sharp  bends.  In  the  first 
12,000  feet  of  this  reach  the  water  surface  width  approximates  20O 
feet,  and  the  depth  is  12  feet,  at  a  stage  of  565.50,  barge  canal 
datum,  which  is  564.37  on  United  States  Standard  datum,  adjust- 
ment of  1903,  elevation  referring  to  the  junction  point  of  Tona- 
wanda Creek  and  Niagara  River.  For  the  remainder  of  the  dis- 
tance to  Pendleton  the  cross  section  closely  approximates  the  stand- 
ard barge  canal  section  in  earth,  which  is  a  trapezoid  12  feet  deep 
with  75  feet  bottom  width  and  wide  slopes  of  1  on  2,  making  the 
width  of  water  surface  123  feet.  The  banks  are  carried  to  a  mini- 
mum height  of  2i  feet  above  the  assumed  water  surface,  or  14J  feet 
above  the  bed  of  the  canal.  At  Pendleton  the  canal  leaves  Tona- 
wanda Creek  and  follows  a  land  line  from  there  to  a  point  consider- 
ably beyond  the  Genesee  River.  From  Pendleton  three-quarters  of 
the  way  to  Lockport  the  section  is  almost  entirely  standard  earth 
section.  The  remaining  length  is  in  rock  cut  with  a  standard 
section  94  feet  wide  on  bottom,  and  having  vertically  channeled  sides 
with  6-inch  offsets  at  the  top  of  each  9-foot  lift.  The  bed  of  the 
canal  has  been  given  a  slope  toward  Lockport,  which  increases  to- 
ward Lockport,  and  makes  the  total  dr^  from  Tonawanda  to  Lock- 
port  1.47  feet. 

There  are  two  new  standard  locks  in  flight  at  Lockport,  provid- 
ing for  a  total  drop  of  49.16  feet,  from  highest  to  lowest  sill.  These 
locks  are  Nos.  34  and  35,  and  they  carry  the  canal  down  over  what 
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is  known  as  the  Niagara  escarpment.  The  next  lift  lock,  Xo.  33,  is 
^  miles  west  of  Pittsford,  64  miles  from  Lock  No.  34,  and  4  miles 
fast  of  the  Genesee  River. 

The  reach  of  canal  between  Locks  Nos.  33  and  34  is  known  as  the 
••long  level,"  or  "sixty-mile  level."  As  a  matter  of  ftfct,  it  has  been 
constructed  with  a  sloping  grade,  the  elevation  of  the  canal  bottom 
being  502.87  feet  at  Lockport  and  500.60  feet  at  Genesee  River,  barge 
<»nal  batum,  giving  a  fall  of  2.27  feet  in  60  miles.  With  the  exception 
of  the  three  cut-offs  on  Tonawanda  Creek  previously  mentioned  and 
a  short  cut-off  just  west  of  South  Greece,  the  new  barge  canal  follows 
the  line  of  the  old  Erie  Canal  from  Tonawanda  to  South  Greece,  a 
few  miles  west  of  Rochester,  where  it  takes  a  more  southerly  route 
and  passes  around  the  main  portion  of  the  city  of  Rochester,  uniting 
with  the  old  canal  line  again  at  Pittsford.  The  old  Erie  Canal  has 
been  deepened  and  widened  to  form  the  new  barge  canal,  which  for  a 
ionsiderable  portion  of  its  length  is  confined  between  artificial  earth 
embankments.  The  canal  is  constructed  throughout  for  a  low-water 
depth  of  12  feet.  The  artificial  earth  banks  rise  2J  feet  above  this 
assumed  water  level.  The  canal  crosses  the  Genesee  River  at  grade. 
This  river  rises  in  Pemmlvania  and  flows  in  a  direction  somewhat 
east  of  north  across  the  State  of  New  York  into  Lake  Ontario  at  a 
point  77  mUes  east  of  Niagara  River,  as  measured  along  the  lake 
shore.  The  point  at  which  the  barge  canal  crosses  the  Genesee  is  11 
miles  south  of  the  lake  and  3  miles  south  of  the  center  of  the  city  of 
Rochester.  The  old  Erie  Canal  passes  through  the  center  of  the  city 
and  is  carried  over  the  river  on  an  aqueduct.  The  river  itself  is  to 
be  made  navigable  from  the  new  canal  crossing  2.9  miles  northward 
into -the  heart  of  the  city,  the  river  surface  being  raised  and  regulated 
by  means  of  a  movable  dam  situated  at  the  downstream  end  of  this 
reach.  At  the  crossing  the  water  surface  of  the  Genesee  naturally 
fluctuates  between  the  extreme  low  and  high  stages  of  approximately 
507.7  feet  and  522  feet,  respectively,  barge  canal  datum.  To  obtain 
12- foot  depth  in  the  canal  the  stage  at  the  crossing  must  be  512.6  feet. 
This  is  4.9  feet  above  natural  low  stage.  The  required  minimum 
stage  of  512.6  feet  will  be  maintained  as  closely  as  possible  by  manip- 
ulation of  the  movable  dam.  Guard  locks  are  provided  in  the  canal, 
one  on  each  side  of  the  Genesee  a  short  distance  from  the  river,  and 
these  are  to  be  closed  to  protect  the  canal  and  its  banks  when  high 
flood  stages  carry  the  river  level  more  than  a  foot  or  two  above  regu- 
lated low  stage. 

From  the  Genesee  River  to  the  head  of  Oswego  River,  about  90 
miles,  there  are  10  locks  with  lifts  varying  from  6  to  25  feet.  The 
descent  is  continuous  from  Niagara  Kiver  to  Three  River  Point, 
at  the  head  of  the  Oswego  River,  the  fall  being  from  565.5  to 
363  feet,  barge  canal  datum,  a  drop  of  202.5  feet.  From  the  Genesee 
eastward  to  Macedon  the  canal  is  mainly  a  land  line.  From  Macedon 
to  Lyons  it  is  partly  a  land  Line  and  partly  a  canalization  of  Ganar- 
qua  Creek.  At  Lyons  the  Ganarqua  enters  the  Clyde  River,  and 
the  canal  follows  the  canalized  Clyde,  except  at  sharp  bends,  to 
Montezuma,  where  the  Clyde  enters  the  Seneca  River,  the  outlet  of 
Seneca  and  Cayuga  Lakes.  From  Montezuma  to  Three  River  Point 
the  Seneca  River  has  been  deepened  and  widened,  and  rectified  at 
bends  where  necessary,  to  form  the  canal.  At  Three  River  Point 
the  Seneca  River  from  the  west  and  the  Oneida  River  from  the  east 
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the  new  barge  canal  system.  Seneca  Lake  has  its  water  surface 
at  elevation  445  feet.  It  is  3^  miles  long  and  is  3  miles  wide 
in  the  place  of  greatest  width.  The  canal  is  12^  miles  long  from  the 
northeast  comer  of  the  lake  to  its  junction  with  the  branch  from 
Cayuga  Lake,  just  north  of  the  latter  lake,  and  follows  a  direction 
somewhat  north  of  east.  It  drops  14.5  feet  bv  a  lock  at  Waterloo, 
and  49  feet  by  two  locks  in  fljjght  at  Seneca  Falls,  reaching  elevation 
881.5  feet  at  the  junction.  This  is  the  elevation  of  Cayuga  Lake, 
which  is  36  miles  long,  and  has  a  maximum  width  of  about  3^  miles. 
Just  below  the  junction  of  the  branches  from  the  two  lakes  is  Lock 
No.  1,  haying  a  drop  of  7*  feet,  and  bringing  the  level  down  to  that 
of  the  Erie  branch  of  the  barge  canal,  namely  374  feet.  It  is  4  miles 
nearly  due  north  from  Lock  No.  1  of  the  Cayuga  and  Seneca  branch 
to  the  junction  with  the  Erie  branch,  about  1^  miles  southwest  of 
Montezuma. 

The  Oswego  branch  follows  the  Oswego  River,  running  north- 
westerly 23.4  miles  from  Three  River  Point  to  Lake  Ontario  at 
Oswego.  The  fall  is  continuous  from  elevation  363  at  Three  River 
Point  to  Lake  Ontario  level,  assumed  by  the  barge  canal  engineers  as 
244.4,  making  the  total  drop  118.6  feet.  This  drop  is  controlled  at 
seven  locks,  one  at  Phoenix  having  10.2  feet  drop,  two  at  Fulton  hav- 
ing a  total  drop  of  44.8  feet,  one  at  Minetto  havmg  a  drop  of  18  feet, 
and  three  at  Oswego  having  a  combined  drop  of  45.6  feet. 

The  work  of  reconstructing  the  Erie  Canal,  Champlain  Canal, 
Oswego  Canal,  and  Cayuga  &  Seneca  Canal,  to  form  the  present 
barge  canal  system  was  commenced  in  the  spring  of  1905.  In  the 
spring  of  1918  the  entire  system  was  open  for  navigation,  although 
some  work  still  remained  to  be  done,  mainly  on  the  western  end  of 
the  Erie  branch,  and  on  the  various  terminals. 

Cost, — In  April,  1900,  the  State  of  New  York  appropriated 
$200,000  for  a  complete  survej^  and  estimate  of  cost  of  a  new  canal 
system,  embracing  the  Erie,  the  Oswego,  and  the  Champlain  Canals. 
The  surveys,  plans,  and  estimates  were  completed  in  Feoruary,  1901, 
and  in  1903  the  people  of  the  State  voted  favorably  for  the  improve- 
ment and  enlargement  of  these  canals  at  an  estimated  cost  of  $101,- 
000,000.  By  another  referendum  vote  in  1909,  the  Cavuga  &  Seneca 
Canal  was  added  to  the  barge  canal  system,  at  an  estimated  cost  of 
$7,000,000.  By  a  third  referendum  vote  in  1911,  $19,800,000  was 
appropriated  for  building  terminals  at  various  municipalities 
throughout  the  State;  and  by  a  fourth  referendum  vote,  in  1915,  the 
further  sum  of  $27,000,000  was  appropriated  to  cover  the  full  com- 
pletion of  the  canal  system.  The  total  appropriation,  $154,800,000 
will  represent  very  closely  the  cost  of  the  New  York  State  Barge 
Canal. 

Traffic, — The  barge  canal  is  to  be  free  of  tolls.  As  yet  there  is 
comparatively  little  traffic  upon  it,  and  only  a  few  boats  are  avail- 
able for  its  use.  The  United  States  Government  is  now  supervising 
the  use  of  the  canal  for  navigation  purposes,  and  constructing  barges 
to  be  used  upon  it.  By  such  arrangements  as  to  rates  and  routing  of 
freight  as  is  possible  under  Government  control  of  commerce  on  both 
the  canal  ana  the  competing  railwavs,  it  is  hoped  that  a  large  use  of 
the  canal  will  develop,  relieving  railway  cong^ion  and  reducing  the 
cost  of  transportation.     It  was  originally  mtended  that  the  canal 
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unite  to  form  the  Oswego  River.  From  this  point  the  canal  route 
ascends  to  the  Rome  Summit  level,  which  is  at  elevation  420  feet, 
the  total  ascent  being  57  feet.  Leaving  Three  River  Point  the  canal 
follows  up  Oneida  River  to  Oneida  Lake,  passing  through  one  lock, 
No.  23,  which  has  a  lift  of  6.9  feet.  East  of  Oneida  Lake  there  are 
two  locks,  Nos.  21  and  22,  with  a  combined  lift  of  50.1  feet.  The 
canal  follows  the  valley  of  Wood  Creek  to  the  city  of  Rome.  Wood 
Creek  passes  through  the  western  part  of  the  city  of  Rome  and 
flows  westward  while  the  Mohawk  River  passes  through  the  eastern 
part  and  flows  eastward.  At  Rome  these  streams  are  scarcely  half 
a  mile  apart,  although  the  former  is  a  tributary  of  the  Great  Lakes, 
while  the  latter  is  a  tributary  of  the  Hudson  River.  Continuing 
eastward  from  the  Rome  Summit  level  the  barge  canal  follows  the 
Mohawk  to  Waterford,  descending  404.8  feet  from  elevation  420  to 
elevation  15.2^  in  the  pool  above  Troy  Dam,  by  19  locks  whose  lifts 
vary  from  8  to  40.5  feet.  The  Mohawk  has  been  canalized  for  the 
greater  portion  of  this  distance.  In  general,  the  channel  has  been 
excavated  for  a  width  of  200  feet  in  the  rivers  and  lakes.  A  large 
number  of  fixed  and  movable  dams  have  been  required  to  provide 
slack-water  navigation  in  the  Clyde,  Seneca,  Oneida,  and  Mohawk 
Rivers.  The  portions  of  the  barge  canal  east  of  the  Rome  Summit 
level  are  of  little  interest  in  this  report,  being  outside  the  drainage 
basin  of  the  Great  Lakes. 

Locks. — ^The  locks  of  the  barge  canal  are  of  standard  design, 
having  a  width  of  45  feet,  a  usable  length  of  311  feet,  and  a  minimum 
depth  of  12  feet  on  the  miter  sills.  They  are  constructed  of  concrete 
and  are  built  in  line  with  one  side  of  the  canal  prism.  There  are  34 
lift  locks  and  2  guard  locks  on  the  Erie  branch  of  the  barge  canal, 
not  including  the  lock  at  Troy.  The  lock  gates  are  all  of  the  bi- 
valve mitering  type  with  the  exception  of  the  downstream  gate  of 
Lock  No.  17,  at  Little  Falls,  and  the  gates  of  the  two  guard  locks  at 
Genesee  River,  which  are  of  the  lift  type.  Lock  ifo.  17  has  the 
highest  lift  of  any  barge  canal  lock,  namely,  40.5  feet.  The  distance 
between  gates  of  the  lift  locks  varies  with  conditions  from  338  to  343 
feet.  All  lock  gates  and  valves,  and  also  the  towing  capstans  situated 
on  the  lock  walls,  are  operated  electrically.  The  electric  energy 
employed  fdr  these  purposes  and  for  lighting  the  locks  is  generated 
at  the  locks,  except  in  the  case  of  the  Genesee  Kiver  guard  lo^s,  where 
the  power  is  purchased  from  the  Rochester  Railway  &  Light  Co. 
There  are  small  hydroelectric  power  stations  along  the  Erie  branch 
of  the  barge  canal,  within  the  territory  embraced  in  this  investiga- 
tion, at  Locks  Nos.  34,  38,  29,  28B,  28A,  27,  24,  23,  21,  and  20.  Power 
is  transmitted  from  !No.  34  to  No.  35,  from  No.  33  to  No.  32,  from 
No.  29  to  No.  30,  and  from  No.  21  to  No.  22.  There  are  gasoline-driven 
electric  generating  units  at  Locks  Nos.  25  and  26,  where  the  available 
head  of  water  is  only  6  feet.  In  almost  every  case  there  are  two 
generating  units  at  each  power  station,  each  unit  having  a  50-kilo- 
watt,  250-volt,  direct-current  generator. 

At  Lockport,  previous  to  the  recent  reconstruction  of  the  Erie 
Canal  to  form  the  present  Erie  branch  of  the  barge  canal,  there  were 
five  twin-locks  in  night;  that  is  10  locks  in  a  block  2  locks  wide  and 
5  locks  long.  Each  lock  was  110  by  18  feet,  inside  horizontal  dimen- 
sions, with  7  feet  of  water  on  the  sills.    The  total  lift  was  57  feet. 
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The  south  flight  of  locks  has  been  removed  to  make  room  for  the  two 
new  standard-size  locks,  which  are  in  flight,  and  overcome  the  entire 
lift.  By  a  lowering  of  the  upper  level  the  lift  has  been  reduced 
several  feet,  the  reduction  depending  upon  the  stage  of  Lake  Erie, 
and  being  nominally  from  57  feet  to  49.16  feet.  There  is  no  other 
place  on  the  Erie  branch  of  the  barge  canal  where  the  locks  are  in 
flight  without  intervening  baeins*  and  only  one  other  place  on  the 
barge  canal  system,  namely,  at  Seneca  Falls,  on  the  Cayuga  and 
Seneca  branch,  where  there  are  two  standard  locks  in  flight.  As  in 
the  case  of  Lockport,  this  flight  overcomes  a  difference  in  elevation 
of  49  feet. 

Wasteways. — There  are  numerous  spillways  and  waste  gates  along 
the  barge  canal  to  facilitate  regulating  the  water  level  at  the  desired 
elevation  and  to  aid  in  preventing  washouts  of  the  banks.  On  the 
long  level  between  Lockport  and  Bochester  there  are  13  spillways 
where  water  may  be  wasted  into  small  natural  water  courses  flowing 
northward  into  Lake  Ontario.  These  small  streams  all  pass  under 
the  canal  in  culverts,  except  at  Medina,  where  an  aqueduct  carries 
the  canal  over  Oak  Orchard  Creek.  Each  spillway  consists  of  a 
waste  weir  25  to  170  feet  long,  having  its  crest  along  one  side  of  the 
canal,  12  feet  above  canal  bed,  and  of  two  or  more  sluice  gates. 
Each  waste  weir  is  desired  for  the  use  of  flashboards  to  provide 
for  deepening  the  canal  in  localities  where  it  may  be  desirable  and 
it  is  considered  safe  to  use  flashbpards  1  foot  high.  Such  use  would 
permit  the  canal  water  surface  to  rise  within  1^  feet  of  the  tops  of 
the  artificial  earth  embankments,  which  is  as  close  as  prudence 
admits,  when  consideration  is  given  to  the  wash  and  surges  caused 
by  wind  and  passing  boats  and  to  a  reasonable  provision  for  safety 
a^inst  washouts. 

Guard  gcAes  (md  hridffes. — ^There  are  a  good  many  guard  gates 
along  the  barge  canal,  to  provide  for  shutting  off  the  flow  of  water 
in  case  of  accident  to  locks,  canal  banks,  aqueducts  or  bridges.  These 
gates  are  all  of  the  lift  type,  and  are  constructed  in  two  parts  with  a 
central  pier  separating  them,  so  that  each  gate  shuts  off  half  the 
canal  prism.  The  gates  nearest  to  Niagara  River  are  at  Pendleton, 
where  the  canal  leaves  Tonawanda  Crew.  On  the  long  level,  guard 
gates  are  located  so  as  to  divide  the  canal  into  lengths  of  4  to  12  miles 
each.  The  number  of  bridges  crossing  the  canal  runs  into  the  hun- 
dreds. Scone  of  these  are  lift  bridges,  local  conditions  having  re- 
quired that  they  should  be  close  to  the  water  surface.  Most  of  the 
bridges  are  fixed,  however,  the  required  minimum  of  clearance  above 
canal  water  surface  being  15^  feet.  There  are  no  swing  or  bascule 
bridges,  and  the  lift  bridges  are  arranged  to  be  raised  at  both  ends  and 
remain  horizontal,  spanning  the  canal  whether  raised  or  lowered, 
but  providing  the  required  clearance  when  in  raised  position. 

Branch  ccmcHs. — Cayuga  and  Seneca  Lakes  are  located  in  the  cen- 
tral western  part  of  the  State  of  New  York,  south  of  the  Erie  branch 
of  the  barge  canal.  They  are  long  narrow  lakes  running  nearly 
parallel  in  a  north  and  south  directicm,  at  an  average  distance  apart 
of  about  12  miles.  They  are  deep  except  at  the  ends.  By  doing  a 
small  amount  of  dredging  at  the  shallow  »ids,  and  connecting  the 
northern  ends  to  the  Erie  branch  through  a  fairly  short  canal,  called 
the  Cayuga  and  Seneca  branch,  they  have  been  made  a  part  of 
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should  be  navigated  by  self-prooelled  barges  of  1,000  tons  cargo 
capacity.   The  locks,  as  finally  built,  were  considered  adapted  for  the 
use  of  a  self-propelled  barge  of  1,600  tons  cargo  capacity  in  tandem 
with  a  tow  barge  of  equal  capacity.    Thus  3,000  tons  of  freight  could 
be  passed  at  a  lockage.    Six  of  the  old  Erie  Canal  boats  of  250  tons 
capacitv  each  can  be  accommodated  at  a  time  in  a  single  lock.    Con- 
tracts for  21  concrete  tow  barges  to  be  used  on  the  canal  have  been 
let  by  the  inland  waterways  committee  of  the  Itailroad  Administra* 
tion.    These  barges  are  to  be  150  feet  long,  21  feet  beam,  and  of  12 
feet  molded  depth.    The  loaded  draft  is  to  be  9^  feet,  loaded  dis- 
placement 756  tons,  and  cargo  capacity  489  tons.     Four  of  these 
barges  may  be  locked  at  a  time,  and  it  is  intended  to  tow  them  in 
groups  of  four.    They  are  of  open  huU  construction,  and  will  cost 
about  $25,000  each.    No  figures  are  available  on  the  cost  of  operation 
or  maintenance  of  the  canal. 

Hiatary  of  New  York  canals. — The  first  work  of  interior  water- 
way improvement  in  New  York  State  was  done  in  the  latter  part 
of  the  eighteenth  centurv  between  the  Hudson  River  and  Lake  On- 
tario, and  between  the  Hudson  and  Lake  Champlain,  by  two  private 
companies  which  were  chartered  in  1792.  Agitation  for  State-built 
canals  began  about  1808  and  resulted  in  the  construction  of  the  Erie 
and  Champlain  Canals  in  the  years  1817  to  1825.  In  the  next  decade 
several  lateral  canals  were  built,  followed  by  the  first  enlargement 
of  the  three  chief  canals,  a  work  protracted  through  many  years, 
and  not  completed  until  1862.  Subsequently  and  prior  to  1900  there 
occurred  several  partial  enlargements,  including  one  known  as  the 
"nine-million  improvement."  The  original  Erie  Canal  begun  in 
1817  and  finished  in  1825,  was  4  feet  deep,  28  feet  wide  at  bottom, 
and  40  feet  wide  at  the  water  surface.  It  was  363  miles  long,  had  84 
lift  locks  and  13  guard  locks,  each  90  by  15  feet,  and  constructed  of 
stone.  Its  cost  was  $7,143,790.  The  first  enlargement  was  made 
between  1836  and  1862.  The  waterway  was  made  7  feet  deep,  52^ 
to  56  feet  wide  on  the  bottom,  and  70  feet  wide  at  the  water  line. 
There  were  72  lift  locks  and  3  guard  locks,  each  110  by  18  feet,  inside 
horizontal  dimensions.  The  total  length  of  the  canal  was  reduced 
to  350^  miles.  The  cost  of  enlargement  was  $31,834,041.  The  second 
enlargement  was  begun  in  1896,  when  a  depth  of  9  feet  was  attempted. 
The  work  was  comj3eted  at  disconnected  localities  only,  and  the  canal 
still  remains  for  the  most  part  as  left  at  the  end  of  the  first  en- 
largement, except  in  so  far  as  it  has  been  destroyed  in  constructing 
the  new  barge  canal.  Ultimately  practically  all  the  locks  of  the  old 
canal  were  doubled  to  care  for  the  enormous  amount  of  traffic,  and 
to  provide  lockage  when  one  lock  was  out  of  commission.  Practi- 
cally all  canal  boats  were  towed  by  mules  or  horses  on  a  towpath 
along  one  side  of  the  canal. 

Tolls  were  charged  on  the  old  canals.  The  old  Erie  Canal  pro- 
vided the  first  practicable  commercial  route  between  the  Great  Lakes 
region  and  the  TJnited  States  seaboard.  It  made  the  growth  of  the 
western  part  of  the  State  practicable^  and  was  a  great  aid  in  open- 
ing up  such  western  States  as  Michigan,  Ohio,  Illinois,  and  Wis- 
consin. Even  to-day  over  75  per  cent  of  New  York  State's  popula- 
tion is  to  be  found  within  5  mues  of  the  barge  canal  and  the  Hudson 
Kiver.    The  early  traflSc  on  the  canal  was  enormous  for  the  times, 
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and  the  tolls  collected  brought  a  wonderful  rerenue  to  the  State. 
For  many  years  there  was  no  competition  to  this  route,  and  little 
by  little  as  stretches  of  railway  began  to  parallel  the  canal  legisla- 
tive measures  provided  against  competition.  The  canals  were  so 
very  popular  and  so  lucrative  to  the  State  that  their  finances  were 
not  at  all  times  properly  handled,  and  many  lateral  lines  were  con- 
structed which  proved  unprofitable  and  had  to  be  abandoned.  Rail- 
road competition  finally  crept  in,  and  periods  of  financial  depres- 
sion were  experienced,  resulting  ultimately  in  a  very  large  abandon- 
ment of  the  use  of  the  canals.  The  numbler  of  tons  of  cargo  carried 
on  the  State  canals  in  1853  was  4,247,853.  In  1872  the  maximum 
tonnage  was  transported,  namely,  6,673,370  tons.  The  tonnage  car- 
ried, in  1885  was  4,731,784;  in  1905  it  was  3,226,896.  The  tolls  at 
first  collected  ranged  from  6  mills  per  ton  per  mile  for  salt,  gypsum^ 
brick,  sand,  lime,  iron  ore,  and  stone  to  2  cents  per  ton  per  mile  for 
merchandise.  Freight  boats  paid  one  mill  per  mile,  and  passenger 
boats  5  cents  per  mile.  From  time  to  time  the  tolls  were  revised, 
usually  downward  and  finally  they  were  abolished  by  amendment 
of  the  State  constitution,  effective  «fanuary  1, 1883.  The  gross  reve- 
nue from  tolls  on  all  the  canals  of  the  State  up  to  1877  was  $130,034,- 
897.09.  At  the  end  of  1882  the  financial  statement  regarding  the 
Erie  Canal  alone  was: 

Brie  CanaL 

Gross  revenue  to  date $121, 461, 871. 09 

Colection,  superintendence,   and  ordinary  re- 
pairs     $2d,  270, 301. 16 

Cost  of  construction  and  Improvements 49,  501, 852. 68 

Total  cost 78, 862, 153.  84 

Leaving  a  balance  to  credit  of  Brie  to  date 42,599,717.  25 

This  was  exclusive  of  interest  on  debt  for  construction  and  improve- 
ment amounting  to  nearly  $70,000,000,  and  exclusive  of  value  of  the 
canal  at  that  date.  On  the  same  basis  the  entire  system  of  State 
canals  had  to  its  credit  at  that  time  $8,333,457.  Before  beginning  the 
second  enlargement  of  the  Erie  Canal  in  1896  the  total  canal  debt  had 
been  reduced  to  about  $150,000.  In  1877  it  was  reported  that  carriers 
on  the  canals  had  received  up  to  that  time  about  $150,000,000,  and 
merchants  and  warehousemen  about  $100,000,000,  while  the  value 
of  the  increase  in  wealth  and  population  was  incakulable. 
.  The  early  history  of  the  Cayuga  &  Seneca  Canal,  the  Oswego 
Canal,  and  the  Champlain  Canal,  is  fairly  similar  to  that  of  the  Erie 
Canal,  and  need  not  be  recounted  here. 

Old  ccmals  avcdldble  for  use. — As  already  noted^  there  are,  in  addi-^ 
tion  to  the  new  barge  canal  system  of  standard  dimensions,  portions 
of  the  older  and  smaller  canals  of  the  old  Erie  Canal  svstem  still 
available  for  use.  One  of  these  is  the  Black  River  Canal,  which  is 
35i  miles  long,  and  extends  from  the  barge  canal  at  Rome,  N.  Y., 
northward  to  Lijrons  Falls,  N.  Y.,  on  the  Black  River. 

The  canal  prism  is  26  feet  wide  at  bottom,  42  feet  wide  at  water 
surface,  and  4  feet  deep.  There  are  106  locks  of  stone,  each  90  feet 
long  and  15  feet  wide,  overcoming  a  rise  of  693  feet  from  Rome  to 
the  summit  level  at  Boonville,  and  a  fall  of  389  J  feet  from  there  to 
Lyons  Falls.    The  canal  is  now  navigable  by  boats  75  feet  long,  12 
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feet  wide  and  drawing  3^  feet  of  water.  At  Delta,  about  5  miles 
north  of  Borne,  a  few  miles  of  the  canal  were  relocated  recently  to 
make  room  for  the  Delta  Keservoir,  and  4  new  locks  were  constructed. 
The  canal  was  built  between  1838  and  1855  at  a  cost  of  $3,157,296. 
From  Lyons  Falls  tiie  Black  Biver  was  unproved  during  the  same 
years  at  a  cost  of  $108,699,  to  haye  a  channel  40  feet  wide  and  5  feet 
deep  as  far  north  as  Carthage,  42^  miles.  There  were  two  wooden 
locks  included  in  this  improvement,  each  160  by  30  feet,  with  a  total 
lift  of  9^  feet.  This  river  channel  is  nominally  navigable,  but  is,  in 
fact,  inaccessible  because  of  the  dilapidated  condition  oi  the  locks 
at  Lyons  Falls.  A  feeder  10  miles  long,  of  the  same  prism  dimen- 
sions as  the  canal,  and  without  locks,  is  navigable.  This  extends  from 
Forestport,  farther  up  Black  Biver,  to  the  summit  level  of  Black 
River  Canal  at  Boonville.  It  was  constructed  in  1838  to  1848. 
Its  cost  is  included  in  the  figure  given  for  the  canal.  At  pres- 
ent the  feeder  and  canal  are  used  as  a  feeder  to  convey  water 
from  the  reservoirs  on  upper  Black  Biver  and  Woodhull  Creek 
to  the  Bome  Summit  level  of  the  barge  canal.  The  Black  Biver 
Canal  itself  does  not  join  with  the  barge  canal  directly,  but  still 
has  its  end  in  the  old  Erie  Canal  at  Borne.  About  one-half  mile 
easterly  from  this  point  the  old  Erie  Canal  connects  with  the 
barge  canal  through  the  new  junction  lock  which  overcomes  a 
drop  of  9.6  feet  from  the  old  canal  to  the  new  canal.  The  junction 
lock  is  188  feet  long,  45  feet  wide,  and  has  12  feet  of  water  on  the 
miter  sills.  The  usable  length  of  this  lock  is  160  feet.  The  portion 
of  the  Old  Erie  Canal  between  Mohawk  and  Bome  is  retained  as  a 
navigable  lateral  branch.  It  is  south  of  the  barge  canal  and  is  con- 
nected with  it  by  junction  locks  similar  to  the  one  just  described. 
Another  portion  ox  the  old  canal  between  Butternut  Creek  feeder, 
just  east  of  Syracuse,  and  New  London  on  the  Bome  Summit  level, 
IS  retained  as  a  navigable  feeder,  and  has  a  similar  junction  lock  at 
New  London.  The  portion  of  old  canal  from  South  Greece  to  Boches* 
ter  is  also  retained  lor  the  present. 

Water-supply  diversions. — Flrom  the  foregoing  description  it  will 
be  observed  that  the  water  surface  of  the  barge  canal  has  its  highest 

S>int  at  Niagara  Biver,  and  from  there  drops  continuously  to  Liake 
ntario  at  Oswego,  by  wav  of  the  Erie  branch  to  Three  Biver  Point, 
and  thence  by  way  of  the  Oswego  branch.  From  Cayuga  and  Seneca 
Lakes  there  is  derived  a  water  supply  sufficient  for  the  Cayuga  and 
Seneca  branch,  and  also  for  the  £ne  branch  from  Montezuma  along 
the  Seneca  Biver  to  Three  Biver  Point,  and  on  down  the  Oswego 
Biver  to  Oswego.  From  Tonawanda  to  Montezuma  the  necessary 
water  supply  is  derived  from  the  Niagara  Biver,  although  some 
water  is  furnished  by  Ganargua  Creek  between  Macedon  and  Ly^ms. 
and  by  the  Clyde  Biver  between  Lyons  and  Montezuma.  Because  ox 
the  water-power  interests  on  Genesee  Biver  it  is  intended  not  to 
draw  upon  that  stream  at  all,  abstracting  from  it  on  the  east  side  of 
the  crossing  only  an  amount  of  water  eaual  to  that  supplied  to  the 
river  from  the  long  level  on  the  west  side.  The  old  canal  formerly 
received  some  supply  from  Genesee  Biver  throu^  a  short  feeder 
en  the  east  side  of  the  river,  but  this  was  long  ago  abandoned.  At 
Medina  there  was  a  short  feeder  which  supplied  water  from  the 
marshes  forming  the  headwaters  of  Oak  Orchard  Creek,  south  of  the 
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canal.  This  supply  was  augmented  by  the  flow  from  the  upper  por- 
tion of  Tonawanda  Creek,  which  was  brought  across  the  low  divide, 
in  a  canal  several  miles  long,  northerly  to  Oak  Orchard  Creek.  This 
water  now  flows  down  Oak  Orchard  Creek  under  the  aqueduct  at 
Medina,  the  feeder  between  Oak  Orchard  Creek  and  the  canal  having 
been  abandoned. 

The  barge  canal  was  opened  to  navigation  only  about  a  year  ago, 
and  as  yet  no  large  amount  of  traffic  has  developed,  so  there  is  no 
actual  knowledge  as  to  the  quantity  of  water  which  must  ultimately 
be  diverted  into  the  canal  from  Niagara  River  to  supply  the  needs  of 
navigation.  The  original  estimate  of  the  average  water  supply 
which  the  barge  canal  would  require  from  Niagara  River  was  made 
by  Mr.  Emil  Kuichling,  and  reported  to  the  State  Engineer  and  Sur- 
veyor February  12, 1901.  It  is  as  follows,  not  including  the  quantity 
assumed  to  be  necessary  for  refilling  the  canal  prism  each  spring: 

Cubic  feet 
per  day. 

Evaporation,  percolation,  and  absorption  by  plants 32,500,000 

Leakage  at  aqueducts,  culverts,  and  wuHte  gates 2,500,000 

Leakage  at  lock  gates  and  valves 1,200,000 

Loss  over  waste  weirs 5,000.000 

Water  for  power  to  operate  locks 1,000,000 

Water  for  power  for  electric  light  at  locks 700,000 

Water  for  lockages,  at  average  rate  of  59  per  day 18, 000,000 

Water  diverted  for  industrial  uses  and  agriculture 40,000,000 

Total  during  season  of  navigation 106.900,000 

This  is  equivalent  to  an  average  discharge  of  1237.27  cubic  feet 
per  second.    It  was  considered  that  this  diversion  would  care  for  an 
annual  traiiic  of  10,000,000  tons  of  cargo.   The  last  item  in  the  table — 
namely,  46,000,000  cubic  feet  per  day — ^was  to  include  such  spilling  at 
wasteways   for  power  uses  as  had  been  oustomarj'^   at  liOckjK)rt, 
Medina,  and  elsewhere.    Several  years  subsequently  it  was  decided 
to  increase  the  width  of  the  locks  from  28  to  45  feet,  and  the  depth 
from  11  to  12  feet.    The  quantity  of  water  reqiiired  for  the  same 
number  of  lockages  was  thereby  largely  increased,  as  was  also  the 
quantity  necessary  to  provide  power  for  operating  gates  and  towing 
boats  in  and  out  of  locks,  and  for  probable  mcreased  waste  weir  losses. 
For  maximum  conditions  of  seepage,  evaporation,  and  lockage,  it 
was  considered  that  no  greater  supply  would  be  necessary,  provided 
none  of  the  46,000,000  cubic  feet  per  day  was  spilled  for  industrial 
or  agricultural  uses  at  such  times;  and  the  value  of  1,237  cubic  feet 
per  second  was  retained  in  all  subsequent  computations.    The  Barge 
Canal  accordingly  was  designed  with  such  slopes  as  to  be  able  to 
abstract  1537  cubic  feet  per  second  from  the  Niagara  River  at  a 
stage  of  565.5  at  Tonawanda,  barge  canal  datum,  and  transport  from 
point  to  point  so  much  of  this  as  was  not  lost  en  route  by  seepage, 
evaporation,  leakage  at  wasteway  gates  and  aqueducts,  and  unavoid- 
able spilling  over  waste  weirs  caused  by  winds,  passing  boats^  or 
lock  fillings.    The  quantity  passing  Medina  under  these  conditions 
was  calculated  to  be  967  cubic  feet  per  second,  and  thatl  entering 
Genesee  River  606  cubic  feet  per  second.    A  quantity  of  606  cubic 
feet  per  second  was  to  be  abstracted  from  the  east  side  of  Genesee 
River  and  carried  on  down  the  long  level. 


DrVEBSIOI^  OF  WATER  FBOM  GREAT  LAKES  AND  NIAGARA  RIVER.     138 

At  times  when  the  requiTements  for  seepage,  leakage,  lockage,  etc., 
are  less  than  maximum,  it  will  not  be  possible  to  reduce  the  flow 
veiy  much,  because  a  quantity  approximating  that  assumed  in  the 
computations  will  be  necessary  to  maintain  the  proper  slope,  and 
thus  provide  a  depth  of  water  of  12  feet  at  all  points  on  the  long 
level  from  Lockport  to  Rochester.  The  excess  quantities  of  water 
must  be  discharged  at  wasteways  all  along  the  Ime,  and  could  not 
be  discharged  at  one  or  two  or  three  places  only,  as,  for  example,  at 
Lockport,  medina,  and  Rochester,  without  either  an  accompanying 
lowering  of  the  water  surface  below  the  12-foot  depth  profile  at  some 
localities,  or  the  use  of  flashboards  at  some  of  the  spillways  to  allow 
for  higher  stages  and  to  prevent  local  discharge.  A  careful  con- 
sideration of  the  subject  has  led  to  the  conclusion  that  an  averagQ 
diversion  of  1,237  cubic  feet  per  second  of  water  from  Niagara  River 
at  Tonawanda  will  provide  for  the  maximum  conditions  of  trafRc 
and  canal  losses.  It  is  estimated  that  the  maximum  possible  annual 
traffic  on  the  canal  is  18,000,000  to  21,000,000  tons  of  cargo.  Only 
by  actual  use  of  the  canal  for  a  long  period  of  time  can  it  be  deter- 
minefi  what  the  losses  will  be,  what  diversions  will  be  required,  or 
what  the  discharging  capacity  of  the  canal  will  prove  to  be  under 
various  conditions.  It  has  been  estimated  that  the  maximum  pos- 
sible flow  of  water  leaving  Lockport  in  the  long  level  will  be  about 
1,600  cubic  feet  per  second,  except  in  case  of  a  washout  or  of  un- 
necessary wasting  of  water  not  far  downstream  from  Lockport.  It 
should  be  pointed  out  that  the  long  level  might  have  been  con- 
structed with  the  tops  of  the  banks  and  waste  weirs  as  at  present, 
but  with  a  depth  of  2.27  feet  greater  at  Lockport,  and  a  level  bottom 
all  the  way  to  Genesee  River.  This  would  have  required  an  average 
excavation  1.136  feet  deeper,  and  would  have  involved  considerable 
expense,  but  would  have  produced  a  canal  having  12  feet  depth  at 
all  times  without  requiring  a  flow  of  water  to  maintain  slopes.  The 
result  would  very  likely  have  been  a  much  smaller  consumption  of 
water  from  Niagara  River  at  times  when  traffic  was  light,  and  seep- 
age and  evaporation  at  minimum  values. 

The  discharge  capacity  of  the  portion  of  the  barge  canal  above 
Lockport  is  limited  by  two  factors;  first,  the  depth  of  water  to  be 
maintained  in  the  canal ;  and  second,  the  stage  of  Lake  Erie,  on  which 
the  stage  of  Niagara  River  at  Tonawanda  depends.  Lake  Erie  can  not 
fall  below  a  stage  of  570.46,  United  States  standard  datum,  without 
the  depth  in  the  canal  at  Tonawanda  becoming  less  than  12  feet.  At 
this  stase  and  higher  stages,  and  with  12  feet  of  water  on  the  upper 
siU  of  the  locks  at  Lockj^rt,  the  discharge  of  the  canal  at  Lockport 
is  indicated  by  computations  to  be  approximately  as  follows : 

DUcharge  {aibic  feet  per  record)  of  barge  canal  at  Lockport, 

12  rEBT  or  WATEB  ON  UFPCB  8ILL. 

Lake  Erie  stage.  United  States  datum,  1903 : 

570.46 *  1, 280 

571 1.500 

572 1, 900 

573 2,  300 

574 2,700 

>  12  feet  depth  at  Tonawanda. 
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With  depths  of  only  11^  and  11  feet  maintained  in  the  canal  above 
the  locks  the  discharge  conditions  will  be  approximately  as  follows : 

Discharge  (cuIHc  feet  per  second)  of  harge  canal  at  Lockport. 

11.5   FEET  OF  WATER  ON   UPPKB  SILL. 

Lake  Erie  stage,  United  States  datum,  1906 : 

570. 08 "  1, 310 

571 , 1, 660 

572 : 2, 020 

573 2,  400 

574 2,  770 

11  FICET  OF  WATER  ON  UPPER  SILL. 

» 

Lake  Erie  stage,  United  States  datum,  1908 : 

569. 69 '  1,  300 

570 1,  420 

571 - 1,  700 

572 2, 100 

573 2, 410 

574 2.  730 

In  Table  No,  9  there  is  given  the  average  number  of  days  each  year 
that  the  average  daily  stage  of  Lake  Erie  at  Buffalo  fell  below  cer- 
tain elevations,  during  the  season  from  May  1  to  December  22,  in  the 
years  1913-1917,  both  inclusive.  There  is  also  given  to  the  barge 
canal  discharge  at  Lockport  corresponding  to  each  stage,  under  the 
assumption  that  the  depth  of  water  on  the  upper  sill  of  the  locks  at 
Lockport  was  just  12  teet. 

Table  No.  9. — Average  number  of  days  in  navigation  season,  Lake  Brie,  at 
Buffalo,  fell  beloio  given  elevations  and  corresponding  harge  canal  discharge 
at  Lockport. 

{Based  on  season  May  1  to  Bee.  22,  of  the  years  191^1917,  both  inclusive.] 
TWBLVB  FBflT  OF  WATBR  OH  UPPBR  SILL  OF  LOCKS. 


Elevation  of  Lake  Erie 
(United  States  datum). 


570.50 
370.76 
671... 
571.25 


Number 
of  days. 


1 
1 
2 
6 


Corre- 
sponding 
ducharge. 


1,300 
1,400 
1,600 
1,600 


Elevation  of  Lalce  Erie 
(United  Btates  datum). 


Corro- 
sponding 
dboharse. 


1,700 

1,900 
2,000 


It  will  be  observed  that  the  1,237  cubic  feet  per  second  estimated 
as  required  for  navigation  purposes  will  be  available  at  any  aver- 
age daily  stage  likely  to  occur.  The  water  diverted  from  the 
JNiagara  River  at  Tonawanda  is  discharged  into  Lake  Ontario  at 
Oswego  or  at  intermediate  points  along  the  south  shore  of  the  lake, 
and  so  is  not  lost  to  the  Great  Lakes  Biasin,  except  for  the  portion 
of  the  diversion  lost  by  seepage  and  evaporation.  It  is,  however, 
lost  to  the  Niagara  River  from  Tonawanda  to  its  mouth  at  Youngs- 
town.  It  may  be  mentioned  that  the  small  contributions  of  Tona- 
wanda and  Ellicott  Creeks  are  taken  into  the  barge  canaL  except  for 


'  11.6  feet  depth  at  Tonawanda. 
'  11  feet  depUi  at  Tonawanda. 
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the  portion  of  flow  of  the  upper  part  of  Tonawanda  Creek  which  is 
diverted  into  Oak  Orchard  Creek,  as  already  ezj^ined.  Easfc  of 
Pittsford  and  Irondequoit  Creek,  and  as  far  as  Oswego,  practically 
all  the  New  York  State  drains^  of  the  Oreat  Lakes  ^asin  is  gath- 
ered into  the  barge  canal  and  dischai^ged  down  the  canalized  Seneca 
and  Oswego  Kivers  into  Lake  Ontario  at  Oswego. 

At  Locmort  the  water  used  for  lockages,  and  that  which  leaks 
past  the  lodks,  wiU  constitute  but  a  very  small  part  of  the  water  sup- 
ply nece^aiT  for  the  lon^  level,  possibly  320  cubic  feet  per  second. 
If  84  cubic  feet  per  second  is  deducted  as  the  loss  from  the  canal  by 
seepage  and  evaporation  between  Niagara  Biver  and  Lockport,  there 
still  remains  of  the  1^37  cubic  feet  per  second  a  volume  oi  833  cubic 
feet  per  second  to  be  by-passed  around  the  locks.  Of  this  perhaps  an 
averaee  of  20  cubic  feet  per  second  will  ultimately  be  used  by  the 
State  nydroelectric  plant  situated  at  the  lower  lock.  The  waterway 
leading  to  this  plant  is  constructed  in  the  lock  walls  between  the  new 
and  old  flights  of  locks.  To  by-pass  the  800  or  more  cubic  feet  per 
second  of  water  required,  the  State  has  provided  a  tunnel  about  15 
feet  square  and  700  feet  lonff  on  the  south  side  of  the  canal  and 
abreast  of  the  locks,  leading  &om  an  entrance  and  gateway  just  up- 
stream from  the  new  locks  to  a  small,  high,  level  basin  within  con- 
crete retaining  walls,  and  thence  past  gates  into  a  structural-steel 
flume  of  large  diameter  and  about  260  feet  long^hich  extends  down 
to  and  out  over  the  lower  level  of  the  canal.  There  are  other  pas- 
sages for  by-passing  tihis  water,  one  on  each  side  of  the  canal,  but 
as  these  pertam  to  waterpower  derveloinnents,  they  will  be  described 
in  the  section  of  this  report  devoted  to  ^'Diversions  for  power 
purposes." 

The  old  Erie  Canal  did  not  terminate  at  Tonawanda,  but  at 
Buffalo.  From  Buffalo  Harbor  it  followed  along  the  river  front 
inside  of  Black  Bock  Harbor,  as  has  previously  been  noted  in  this 
report  in  the  chapter  on  the  Black  Bock  Canal.  Leaving  Black 
Kock  Harbor,  it  passed  through  the  guard  lock,  No.  72,  which  is 
located  between  Austin  and  Hamilton  Streets,  where  there  was  a 
Blight  drop  in  the  water  surface.  From  there  the  canal  followed 
a  land  line  just  east  of  the  Niagara  Biver  to  Tonawanda  Creek  at 
Tonawanda.  The  water  surface  of  Tonawanda  Creek  was  held  sev- 
eral feet  higher  than  at  present  by  a  dam  across  the  creek  at  Tona- 
wanda, which  had  its  crest  at  elevation  570  barge  canal  datum. 
this  dam  waa  removed  in  the  spring  of  1918,  and  a  temporary  dam 
placed  across  the  lower  end  of  the  portion  of  the  old  Erie  Canal 
leading  from  Buffalo.  The  water  supply  for  the  western  end  of 
the  old  Erie  Canal  came  almost  entirely  from  Lake  Erie  at  Buffalo, 
the  flow  being  regulated  at  guard  lock  No.  72.  The  mean  stage  ox 
Lake  Erie  for  the  years  1860  to  1910,  inclusive,  was  572.58  feet. 
United  States  datum.  The  corresponding  stage  of  Niagara  Biver 
at  Tonawanda  is  566.01  feet,  United  States  datum,  or  567.14  feet, 
barse-canal  datum.  When  measured  at  Hamilton  Street,  Buffalo, 
in  October,  1907,  by  the  United  States  Lake  Survey,  the  flow  in  the 
Erie  Canal  averaged  768  cubic  feet  per  second.  A  very  rough  gag- 
ing of  the  flow  atTonawanda  in  the  fall  of  1912  showed  a  discharge 
of  over  1,000  cubic  feet  per  second.  Not  all  of  this  volume  reached 
Lockport,  as  there  was  practically  always  a  flow  over  the  Tonawanda 
Dam,  as  well  as  some  spill  into  Niagara  Biver  at  the  waste  weir  at 
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Niagara  Street,  between  Kohler  and  Bouck  Streets,  Tonawanda,  and 
some  leakage  at  the  Tonawanda  side-cut  lock,  as  well  as  a  small 
amount  of  seepage  and  evaporation  along  the  ^itire  route. 

In  a  letter  dated  February  10,  1911,  me  State  engineer  and  sur- 
veyor of  New  York  reported  to  the  Lake  Survey  that  the  average 
water  requirement  for  the  western  end  of  the  old  Erie  Canal  was 
700  cubic  feet  per  second,  which  was  necessary  to  maintain  the  slope 
and  navigable  depth  in  the  long  level  from  Lockport  to  Kochester, 
covering  evaporation,  seepage,  and  spillway  losses,  and  a  supply  of 
210  cubic  feet  per  second  for  lockage,  seepage,  and  evaporation  east 
of  Kochester.  The  requirement  for  lockage  at  Lockport  was  stated 
as  100  cubic  feet  per  second,  leaving  600  cubic  feet  per  second  to  be 
by-passed  around  the  locks.  Of  the  700  cubic  feet  per  second  passing 
eastward  from  Lockport  to  maintain  the  long  level,  200  was  assumed 
to  be  lost  by  leakage,  seepage,  and  evaporation,  leaving  290  cubic 
feet  per  second  to  be  spilled  at  various  wasteways  along  the  level, 
notably  at  Gasport,  Medina,  Albion,  and  Adams  Basin.  It  was 
stated  that  the  average  amount  spilled  at  Medina  was  108  cubic  feet 
per  second,  and  at  iubion  111  cubic  feet  per  second.  Under  condi- 
tions of  maximum  lockage,  seepage,  and  evaporation  the  average 
total  diversion  was  considerably  exceeded.  It  was  further  stated 
that  an  additional  quantity,  averaging  233  cubic  feet  per  second, 
was  diverted  from  Lake  Erie,  solely  for  power  purposes,  being  di- 
verted around  the  locks  at  Lockport,  and  into  Eighteenmile  Creek. 
This  matter  will  be  considered  later  in  connection  with  the  descrip- 
tion of  the  water  power  developments  at  Lockport. 

The  water  supply  of  the  Kome  summit  level  comes  from  local 
streams  north  and  south  of  the  canal.  The  Black  River  Canal  and 
its  Forestport  feeder  have  both  been  described  in  the  present  chapter. 
There  are  not  less  than  12  natural  lakes  and  artificial  reservoirs  dis- 
charging into  the  upper  end  of  the  feeder  at  Forestport.  By  the 
terms  of  an  agreement  with  owners  of  water  powers  on  Black  River 
below  Boonvule  a  volume  of  11,000  cubic  feet  per  minute,  or  183 
cubic  feet  per  second,  may  be  delivered  continuously  down  Black 
River  Canal  to  the  south,  provided  5,000  cubic  feet  per  minute,  or 
about  79  cubic  feet  per  second,  remain  to  be  diverted  northward. 
On  the  basis  of  a  division  in  this  ratio,  Mr.  Kuichling  estimated  the 
supplv  to  the  Rome  summit  level  by  way  of  the  Black  River  Canal 
would  be  only  100  cubic  feet  per  second.  The  distance  from  Forest- 
port to  the  barge  canal  at  Rome,  as  traversed  by  the  feed  water,  is 
about  46  miles,  the  descent  being  about  700  feet,  occurring  largely 
at  the  70  locks  en  route  along  Black  River  Canal.  This  supply  for- 
merly served  the  old  Erie  Canal.  For  the  barge  canal  there  have 
been  constructed  two  large  reservoirs  north  of  the  canal,  known  as 
Delta  Reservoir  and  Hinckley  Reservoir.  Delta  Reservoir  is  on  the 
Mohawk  River,  about  5  miles  due  north  of  the  city  of  Rome.  It  has 
been  created  by  the  building  of  a  hi^h  concrete  dam,  and  covers  about 
4^  square  miles  when  full,  impoundmg  the  drainage  from  137  sauare 
miles.  The  available  water  supply  was  estimated  bv  Mr.  Lanareth 
to  be  about  150  cubic  feet  per  second.  The  Hinckley  Reservoir  is 
on  West  Canada  Creek,  above  the  village  of  Hinckley,  about  15  miles 
east  of  Delta  Reservoir  and  17  miles  northeast  of  the  nearest  point 
on  the  barge  canal.  It  was  formed  by  the  construction  of  a  large 
earth  dam,  has  an  area  of  4J  square  miles  when  full,  and  impounds 
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the  drainage  from  372  square  miles.  Hinckley  Keservoir  averages 
somewhat  deeper  than  Delta  Reservoir  and  its  capacity  is  corre- 
spondingly greater.  Its  available  supply  is  estimated  to  be  about  280 
cubic  feet  per  second,  assuming  one-third  of  the  flow  to  pass  on  down 
West  Canada  Creek  to  supply  water  powers  between  Trenton  Falls 
and  Herkimer.  Water  from  Delta  Reservoir  is  supplied  to  the  Rome 
summit  level  at  Rome  through  the  Mohawk  River. 

Water  from  Hinckley  Reservoir  flows  down  West  Canada  Creek 
to  Trenton  Falls,  where  a  portion  of  it  is  diverted  through  an  arti- 
ficial canal  5.7  miles  long  to  Nine  Mile  Creek,  through  which  it  is 
fed  into  the  summit  level  between  Rome  and  Oriskany.  It  has 
been  stated  already  in  this  chapter  that  the  portion  of  the  old  Erie 
Canal  between  Butternut  Creek  feeder,  about  5  miles  east  of  Syracuse, 
and  New  London,  on  the  Rome  summit  level,  has  been  retained  as  a 
navigable  feeder  and  connected  with  the  summit  level  by  a  new 
junction  lock.  There  are  five  feeders  bringing  water  from  the  south 
into  this  portion  of  the  old  Erie  Canal,  all  of  which  were  constructed 
years  ago  for  the  purpose  of  feeding  the  old  canal.  They  are  the 
JoUowing:  Orville  leederj  drawing  from  Butternut  Creek  and  James- 
ville  Reservoir;  Fayette viUe  feeder,  delivering  from  Limestone  Creek 
and  De  Ruyter  Reservoir;  Chittenango  feeder,  drawing  from  Chit- 
tenango  Creek,  Erieville  Reservoir  and  Cazenovia  Lake ;  Cowasselon 
feeder,  delivering  from  Cowasselon  Creek;  and  Oneida  feeder,  de- 
livering from  Oneida  Creek.  It  is  impoi'tant  to  note  that  most  of 
the  water  supply  to  De  Ruyter  Reservoir  is  derived  by  diverting 
into  it  the  flow  of  the  upper  portion  of  Tioughnio^a  River,  which  is 
a  tributary  of  the  Chenango  Kiverj  which  in  turn  is  a  branch  of  the 
Susqueshanna,  and  so  discharges  mto  Chesapeake  Bay.  The  total 
supply  to  the  Rome  summit  level  from  this  source  was  estimated  by 
Mr.  Kuichling  to  be  about  35  cubic  feet  per  second.  Another  feeder 
of  the  summit  level  is  Oriskany  Creek,  which  enters  the  Mohawk 
River  from  the  south  about  7^  miles  east  of  Rome.  This  creek  rises 
about  25  miles  due  south  of  Rome.  ITie  upper  portion  of  its  drainage 
area,  together  with  that  of  some  of  the  upper  branches  and  tributaries 
of  the  Chenango  River,  was  formerly  used  to  supply  the  summit  level 
of  the  Chenango  Canal,  and  an  extensive  system  of  storage  reservoirs 
was  established  by  the  State  in  this  locality. 

On  the  abandonment  of  the  Chenango  Canal,  however,  its  summit 
level  and  water  resources  were  retained  to  feed  the  old  Erie  Canal 
through  Oriskany  Creek.  The  reservoirs,  all  of  which  are  on  streams 
originally  tributary  to  the  Chenango  River,  are  as  follows:  Eaton 
Brook  Reservoir,  Hatch  Lake  Reservoir,  Bradley  Reservoir,  Kingsley 
Brook  Reservoir,  Madison  Brook  Reservoir,  Leiand  Pond  Reservoir. 
and  several  small  ponds.  These  all  discharge  into  the  summit  level 
of  the  Chenango  Canal,  which,  in  turn,  discharges  into  the  headwaters 
of  Oriskany  Creek.  The  water  supply  from  this  source,  as  estimated 
by  Mr.  Kuichling,  was  about  36  cubic  feet  per  second.  The  total 
estimated  supply  for  the  Rome  summit  level  is  the  sum  of  the  quanti- 
ties ^ven  above,  or  600  cubic  feet  per  second.  The  estimated  water 
supjwy  required  for  the  summit  level  is  about  440  cubic  feet  per 
second.  It  is  to  be  noted  that  of  the  600  cubic  feet  per  second  con- 
stituting the  supply,  430  cubic  feet  per  second,  the  portion  from  Delta 
and  Hinckley  Reservoirs,  is  naturally  tributary  to  the  Hudson  River, 
while  of  the  170  cubic  leet  per  second  remainder  at  least  35  cubic 
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feet  per  second  is  naturally  tributary  to  the  Susquehanna  Riyer^ 
leaving  only  1^  cubic  feet  per  second  naturally  tributary  to  the  Great 
Lakes.  It  is  estimated  by  Mr.  Landreth  that  the  water  supply  re- 
quired just  west  of  the  summit  level  for  conditions  pertaining  to  an 
annual  traffic  of  10,000,000  tons  of  cargo,  including  evaporation, 
seepage,  leakage,  spillway  losses,  lockages,  and  lock  operation,  is 
213  cubic  feet  per  second,  and  that  the  corresponding  requirement 
just  east  of  the  summit  level  is  219  cubic  feet  per  second.  These 
values  are  so  nearly  identical  that  they  may  be  considered  equal,  each 
220  cubic  feet  per  second.  It  is  evident,  tnen,  that  none  of  the  water 
tributary  to  the  Great  Lakes  escapes  by  way  of  the  barge  canal  into 
the  Mohawk  Valley,  but  that,  on  the  contrary  about  85  cubic  feet 
per  second  is  gained  b}r  the  Great  Lakes  Basin,  part  of  this  coming 
irom  the  Mohawk  Basin,  and  part  from  the  eastern  headwaters  ox 
the  Susquehanna  Biver. 

Photographs  Nos.  29  to  46,  inclusive,  illustrate  various  features 
of  this  notable  waterway.  Explanations  and  descriptions  are  given 
beneath  the  pictures. 

6.   ST.  LAWRENCE  RIVER  CANALS. 

Description  of  St.  Lawrence  Ri/ver, — ^The  quantities  of  water  di- 
verted from  the  St.  Lawrence  River  by  the  various  canals  are  very 
small,  with  exception  of  the  Massena  Canal,  where  the  diversion 
is  very  large.  In  every  case  the  water  diverted  is  returned  to  the 
river  again  within  a  distance  of  IJ  to  10|  miles.  The  diversion  by 
the  Galop  Canal  is  between  500  and  1,000  cubic  feet  per  second,  on 
the  average,  of  which  200  or  less  is  for  navigation  use.  The  diversion 
by  the  IV^rrisburg  Canal  is  between  1,000  and  1,600  cubic  feet  per 
second,  of  which  possibly  200  is  reauired  for  navigation  purposes. 
In  both  these  instances  the  balance  oi  the  diversion  is  used  for  povsrer 
development.  The  navigation  requirement  does  not  exist  in  winter 
time,  but  power  is,  in  general,  developed  the  year  around.  The 
Farran  Point  Canal  diverts  probably  less  than  50  cubic  feet  per 
second  on  the  average,  all  for  navigation  use.  The  diversion  by  the 
Cornwall  Canal  appears  to  average  somewhat  less  than  3,000  cubic 
feet  per  second.  Of  this,  during  the  navigation  season,  an  average 
of  perhaps  300  cubic  feet  per  second  is  required  by  navigation.  The 
remainder  is  utilized  in  power  development. 

The  diversion  through  the  Massena  Canal  is  entirely  for  power  de- 
velopment, and  will  be  treated  in  section  (c)  of  this  report.  In  the 
same  section  the  power  features  of  the  Galop,  Morrisburg.  and  Corn- 
wall canals  are  presented.  The  flow  in  Little  Eiver,  at  Waddington 
is  described  in  this  section  also. 

In  the  following  paragraphs  the  navigation  canals  of  the  St. 
Lawrence  Eiver  above  St.  Kegis  are  described,  with  special  refer- 
ence to  the  navigation  features.  On  Plates  Nos.  9  and  10  these  canals 
are  sliown  in  their  relationship  to  certain  sections  of  St.  Lawrence 
Eiver. 

The  St.  Lawrence  Eiver  is  the  outlet  of  the  Great  Lakes  to  the 
sea,  debouching  from  the  northeasterly  corner  of  Lake  Ontario  and 
flowing  thence  in  a  northeasterly  direction  700  miles  to  Anticosti 
Island  in  the  Gulf  of  St.  Lawrence.  It  is  nearly  1,200  miles  from 
Lake  Ontario  to  the  open  sea  at  the  Strait  of  Belle  Isle. 
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For  a  distance  of  62  miles,  from  Tibbetts  Point  at  the  head  of  the 
St.  Lawrence  to  Ogdensburg,  N.  Y.,  the  fall  in  the  water  surface  is 
only  0.87  foot  at  mean  stage,  and  from  there  to  Lock  No.  27  at  the  head 
of  the  Galop  Kapids,  6  miles,  the  fall  at  mean  sta^  is  1.82  feet  more. 
Thronghout  this  reach  the  river  is  broad,  and,  tor  the  greater  por- 
tion of  the  distance,  from  the  lake  down  to  Brockville,  Ontario,  is 
divided  into  channels  by  a  great  ntimber  of  islands.  There  is  a 
natural  navigable  channel  28  feet  deep  or  over,  except  for  the  possi- 
bilitv  of  undiscovered  shoals,  and  400  or  more  feet  wide,  which  is 
wfaoUy  in  United  States  waters  except  for  about  7^  miles,  from  Crofls- 
Over  island  through  the  Brockville  Narrows. 

From  Ogdensburg  to  Montreal,  120  miles,  the  river  is  generally 
narrow  and  swifL  and  is  much  less  cut  up  by  islands.  All  the 
rapids  of  the  St.  Lawrence  occur  in  this  reach,  the  total  fall  at  low 
st<*ige  being  about  224  feet,  or  from  elevation  242  to  elevation  18. 

Fifty  miles  below  Montreal  is  the  head  of  Lalro  St.  Peter,  the 
most  upstream  point  at  whidi  tide  is  observable.  Except  for  this 
lake,  the  reach  of  river  from  Montreal  to  Quebec,  150  miles,  is 
of  moderate  width  and  has  few  islands.  From  Quebec  to  the  Gulf  the 
stream  is  very  broad.  Channel  improvements  have  secured  a  depth 
of  30  feet  from  Montreal  to  the  sea,  the  dredged  channel  extendiUjg 
to  Father  Point,  175  miles  below  Quebec.  The  improved  channel  is 
450  f^t  wide  between  Montreal  and  Quebec,  being  from  600  to  750 
feet  wide  at  bends.    Below  Quebec  it  is  1.000  feet  wide. 

At  St.  RegiSj  N.  Y.,  opposite  Cornwall,  Ontario,  the  St.  Lawrence 
passes  wholly  mto  Canaman  territory  and  ceases  to  be  a  boundary 
stream,  114  miles  from  Lake  Ontario.  It  is  to  be  noted  that  in  the 
total  distance  trom  Lake  Ontario  to  the  sea.  United  States  waters 
are  compriseiJ  in  only  the  upper  one-tenth  thereof,  the  remaining 
mile-tenths  being  wholly  Cansulian  waters.  The  mean  river  eleva- 
tion at  Lock  No.  15  at  Cornwall  is  153.42,  showing  a  fall  from  Lake 
Ontario  at  Tibbetts  Point  of  92.66  feet. 

The  mean  elevation  of  Lake  Ontario  at  Oswego,  N.  Y.,  for  the 
years  1860  to  1917,  both  inclusive,  is  246.18  feet  on  United  States 
standard  datum.  The  discharge  of  the  St.  Lawrence  Kiver  9t  this 
stage,  as  determined  at  two  gauging  sections  iust  below  Iroquois, 
Ontario,  is  241,000  cubic  feet  per  second.  At  this  stage  the  change 
in  discharge  per  foot  change  in  sti^e  is  approximately  21,600  cubic 
feet  per  second. 

At  Galop  Kapids  the  river  has  a  fall  of  about  9  feet  in  8  miles, 
from  Adams  Island  at  the  head  of  Galop  Canal  to  Lotus  Island.  The 
channel  north  of  Galop  Island,  in  Canadian  waters,  is  navigable  by 
light  draft  boats.  The  south  channel,  which  is  in  American  waters, 
is  not  navigable. 

From  Lotus  Island  to  Iroquois,  about  5^  miles,  there  is  a  fall  of 
about  6^  feet.  The  river  follows  a  tortuous  channel  and  the  current 
is  swift  This  is  all  properly  a  part  of  the  Galop  Rapids,  although 
the  swiftest  portions,  namely,  those  abreast  of  Cardinal,  Ontario,  and 
Point  Iroquois,  are  frequently  designated,  respectively,  as  the  Car- 
dinal Bapids  and  the  Point  Iroquois  Kapids.  The  Galop  Canal,  de- 
scribed later,  provides  for  passing  navigation  around  these  rapids. 

It  is  4i  miles  from  Lock  No.  25,  at  Iroquois,  to  Lock  No.  24,  at  the 
head  of  Morrisburg  Canal,  abreast  the  h^  of  Bapide  Plat,  and  the 
fall  in  this  distance  is  approximately  3  feet.    The  river  has  but  a 
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single  channel,  and  the  current  is  swift.  This  is  the  most  difficult 
portion  of  the  river  for  upbonnd  vessels,  where  a  canal  is  not  pro- 
vided. 

In  the  Rapide  Plat  there  is  a  fall  of  about  12  feet  in  approximately 
3^  miles.  This  rapids  has  a  ruling  depth  of  about  12  feet  at  low 
water,  and  a  sinuous  channel.  Ogden  Island,  which  is  United  States 
territory,  forms  the  south  shore  of  this  rapids.  The  Moixisburg 
Canal  Mlows  the  Canadian  shore  the  full  length  of  the  rapids. 

Between  Ogden  Island  and  the  main  American  shore  is  the  "  Little 
River,"  which  is  shallow,  narrow,  and  winding,  and  is  not  navigable, 
except  by  small  steam  and  motor  boats,  above  and  below  a  dam  which 
crosses  it  at  Waddington,  N.  Y.  The  dam  is  a  dilapidated  timber 
and  rock  structure  about  950  feet  long  and  12  feet  high.  At  present 
the  flow  through  Little  River  is  approximately  1.1  per  cent  of  the 
total  St.  Lawrence  dischar&e. 

From  Lock  No.  23,  at  the  foot  of  Morrisburc  Canal,  at  Morris- 
burg,  Ontario,  to  the  Farran  Point  Canal,  9^  mues,  the  fall  is  about 
7i  xeet.    The  channel  is  winding  and  the  current  generally  swift. 

The  Farran  Point  Rapids,  on  the  Canadian  si(£  of  Croil  Island, 
is  little  more  than  a  mile  lon^,  but  is  narrow  and  swift,  having  a 
fall  of  4  feet.  Farran  Point  Canal,  along  the  Canadian  snore,  over- 
times this  rapids. 

It  is  5  miles  from  Lock  22,  at  the  foot  of  Farran  Point  Canal  to 
the  head  of  the  Cornwall  Canal,  and  the  fall  in  water  surface  is  0.5 
foot  at  mean  stage.  In  this  reach  the  river  is  separated  into  two 
channels  by  large  islands,  and  the  slopes  in  the  two  channels  differ 
considerably. 

The  Long  Sault  Rapids  commence  at  the  head  of  the  Cornwall 
Canal,  near  Dickinson^  Landing.  Ontario,  and  extend  about  10^ 
miles  by  the  main  channel  to  Lock  No.  16  at  Cornwall,  Ontario.  The 
total  fall  is  47.4  feet,  the  fall  in  the  swiftest  portion,  however,  being 
28J  feet  in  less  than  3  miles.  Several  large  islands  divide  the  river 
into  channels  through  this  reach.  What  is  known  as  the  "South 
Sault  Rapids  "  is  the  American  channel  between  the  American  shore 
and  Long  Sault  Island.  This  channel  is  narrow  and  sinuous,  the 
current  is  very  swift,  and  navigation  is  impracticable.  Near  the 
upper  end  of  the  South  Sault,  and  not  far  upstream  from  the  head 
of  the  Long  Sault  Rapids,  the  Massena  Canal  diverts  water  on  the 
United  States  side  for  power  development.  The  Cornwall  Canal 
extends  along  the  Canadian  shore  the  full  length  of  the  Long  Sault 
Rapids. 

The  only  bridge  across  the  St.  Lawrence  where  it  borders  the 
United  States  is  at  Cornwall.  This  is  a  single-track  bridge  of  the 
New  York  &  Ottawa  Railway.  There  are  two  parts  to  this  bridge, 
one  across  the  channel  to  the  north  of  Cornwall  Island,  the  other 
across  the  channel  south  of  the  island.  That  across  the  south  or 
American  channel  consists  of  three  spans.  The  middle  span  is  872 
feet,  and  the  two  end  spans  are  370  feet  each,  all  from  center  to  center 
of  piers.  The  piers  are  about  12  feet  wide  at  the  water  line.  The 
spans  are  fixed  and  have  87^  feet  of  headroom  above  high  water  dur- 
ing the  season  of  navigation. 

The  bridge  across  the  north  channel  also  consists  of  three  spans, 
the  middle  span  being  420  feet  long,  the  north  span  212.5  feet,  and 
the  south  span  210.5  feet,  all  from  center  to  center  of  piers,  with  the 
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piers  about  16  feet  wide  at  the  water  line.  The  middle  span,  which 
covers  the  part  of  the  river  now  used  by  downbound  passenger  boats, 
lias  60  feet  of  headroom  at  high  water.  There  are  no  lights  displayed 
nor  buojs  marking  the  approach,  because  the  bridge  is  at  the  ^oot 
of  Long  Sault  Rapids,  and  this  part  of  the  river  is  navigated  only  in 
claylight  and  by  special  boats.  There  is  a  draw  span  carrying  this 
railway  over  the  C  omwall  Canal. 

For  the  purposes  of  this  report  the  character  of  the  St.  Lawrence 
below  St  Ivegis  is  of  little  interest.  It  may  be  noted  that  Lake  St. 
Frances,  an  expansion  of  the  river,  commences  just  below  St.  Kegis 
and  extends  for  BO  miles  to  Coteau  Landing,  the  fall  in  this  reach 
being  about  half  a  foot.  From  Coteau  Landing  the  next  14  miles  of 
river  is  practically  a  continuous  rapids,  although  the  swifter  portions 
are  named  in  order  Coteau  Rapids,  Cedars  Rapids,  Split  Rock 
Bapids,  and  The  Cascades.  The  total  fall  is  about  84  feet.  It  may 
be  added  parenthetically  that  there  is  a  large  modem  power  develop- 
ment at  Cedars  Rapids^  a  large  proportion  of  whose  power  is  trans- 
mitted to  the  plant  of  the  Aluminum  Company  of  America,  at  Mae- 
sena,  N.  Y.  The  Soulanges  Canal  overcomes  these  rapids  for  navi- 
gation, extending  along  the  north  bank  from  Coteau  Landing  to  Cas- 
cades point.  On  the  south  bank  is  the  Beauharnois  Canal,  extending 
from  Valleyfield  to  Melocheville.  This  canal  was  abandoned  for 
navigation  use  a  few  years  ago  and  is  now  used  for  power  develop- 
ment. Lake  St.  Louis,  another  expansion  of  the  St.  Lawrence,  ex- 
tends from  Cascades  Point  to  Laehme,  15  miles,  the  fall  being  about 
2  feet.  The  Ottawa  River  discharges  much  of  its  flow  into  this  lake. 
The  Lachine  Rapids  extend  9  miles  from  Lachine  to  Montreal  and 
have  a  fall  of  45  feet.  This  rapids  is  overcome  by  the  Lachine 
Canal  on  the  north  bank  of  the  river. 

Generally  speaking,  the  St.  Lawrence  River  and  canals  from 
Ogdensburg  to  Montreal  will  accommodate  vessels  255  feet  long,  42 
feet  beam,  and  drawing  14  feet  of  water.  Except  for  a  few  ruling 
shoals  a  draft  several  reet  deeper  could  be  carried  in  the  river  por- 
tions between  the  canals.  At  the  upper  end  of  Galop  Rapids  the 
river  channel  has  been  improved  to  accommodate  an  8-foot  draft. 
In  tbe  Rapide  Plat  a  draft  of  14  feet  is  accommodated  at  mean  stage, 
and  12  feet  at  low  stage.  In  the  Long  Sault  Rapids  the  limiting 
depth  is  about  8  feet  at  mean  stage. 

feetween  Ogdensburg  and  the  head  of  Cornwall  Canal  there  is 
practically  no  naviOTtion  between  dark  and  dawn,  except  on  clear 
moonlight  nights.  There  are  no  river  lights,  and  the  arrangements 
for  illuminatmg  locks  and  canals  are  meager. 

Navigation  tnrou^h  the  St.  Lawrence  River  and  its  canals  is 
greatly  interfered  with  by  ice  conditions,  being  closed  on  the  average 
from  December  3  to  April  27,  144  days  per  annum,  as  shown  by  the 
records  for  50  years. 

Galop  Oanat. — ^The  Galop  Canal  has  already  been  described  as 
being  the  most  upstream  of  the  St.  Lawrence  canals,  and  as  over- 
coming the  Gralop,  Cardinal,  and  Point  Iroquois  Rapids,  extending 
along  the  Canadian  store  from  Adams  Island,  at  the  head  of  Galop 
Rapids,  to  Iroquois,  Ontario,  just  l>elow  Point  Iroquois.  It  is  7i 
miles  long,  14  feet  deep,  80  feet  wide  at  the  bottom,  and  144  feet 
wide  at  tne  surface.    About  three-fourths  mile  below  the  head  of 
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the  canal  there  are  two  locks  abreast  of  each  other.  That  nearest 
the  river  is  No.  28,  and  is  known  as  the  "  lift  lock."  It  connects  this 
short  upper  reach  of  the  canal  with  the  river  above  Cardinal.  It  is 
303  feet  long,  45  feet  wide  at  the  bottom,  47^  feet  wide  at  the  top, 
has  14  feet  of  water  over  the  miter  sills,  and  has  a  lift  of  about  5  feet. 
The  other  lock  is  No.  27,  and  is  called  a  guard  lock.  There  is  usually 
a  lift  of  1  or  2  feet  at  this  lock,  depending  on  the  Tiv&r  stage  anil 
the  depth  of  water  maintained  in  the  canal  below.  Lock  27  is 
270  feet  long,  available  length  for  boats  255  feet,  45  feet  wide  at  bot- 
tom, 46  feet  10  inches  wide  at  the  top,  and  having  14  feet  of  water 
on  the  sills.  At  the  lower  end  of  the  canal,  at  Iroquois,  is  Lock  No. 
25,  which  is  800  feet  long,  50  feet  wide,  and  has  14  feet  of  water  on 
the  upper  sill  and  somewhat  greater  depth  on  the  lower  sill.  The 
lift  is  approximately  14  feet,  and  varies  somewhat  with  river  stage 
and  canal  level.    The  locks  are  operated  by  hand. 

Practically  all  upbound  vessels  enter  Lock  25  and  proceed  up  the 
canal.  A  few  fast  passenger  boats  habitually  run  up  the  river  past 
Cardinal  and  enter  the  canal  through  Lock  28.  Occasionally  a  xast 
freight  boat  takes  this  same  course  when  otherwise  it  would  be  ddayed 
waiting  for  Lock  25.  A  few  small  boats  run  the  rapids  all  the  way 
when  downbound.  All  other  downbound  vessels  enter  the  head  of 
Galop  Canal,  lock  out  into  the  river  at  Lock  28,  and  run  down  the 
remainder  or  the  rapids.  It  is  reported  that  small  swift  steamers 
sometimes  run  up  the  entire  rapids  in  spring  before  the  canal  is 
opened  to  navigation. 

There  are  two  bridges  across  the  canal,  both  of  which  are  hand- 
operated,  swing  bridges  having  a  clear  span  across  the  canal.  The 
bridge  at  Cardinal  carries  a  highway  and  a  spurntrack.  When 
closed  it  has  a  clear  headroom  of  some  15  to  20  feet.  The  bridge  at 
Iroquois,  just  upstream  from  Lock  25,  carries  a  highway,  and  has 
only  a  few  feet  of  headroom  when  closed. 

The  old  Galop  Canal  followed  nearly  the  same  route  as  the  present 
canal,  except  at  Cardinal.  The  present  canal  follows  a  more  direct 
route  through  a  deep  cut  behind  the  town.  The  old  canal  follows  the 
curve  of  the  shore  around  in  front  of  the  town,  and  the  upstream 
half  of  this  old  route  is  still  used  as  a  power  canal.  The  old  lock 
No.  26,  still  exists,  except  for  the  gates,  and  is  located  abreast  the 
center  of  the  town.  There  is  no  new  lock  having  this  number,  as  the 
intermediate  lift  was  eliminated  in  the  new  canal.  Old  Lock  No.  27,, 
which  was  about  half  a  mile  upstream  from  the  present  Lock  No.  27,. 
was  removed  during  the  reconstruction.  Old  Lock  No.  25,  without  its 
gates,  still  exists  at  Iroquois,  not  far  from  new  Lock  No.  25.  It  forms 
part  of  the  present  taitrace  from  the  waste  weir  and  power  houses. 

The  original  cost  of  construction  of  the  Galop  Canal  is  not  known. 
The  cost  of  enlargement  was  $6,121,214.  The  cost  of  maintenance  and 
operation  is  not  known  for  this  canal  separately.  For  the  Galop, 
Morrisburg  and  Farran  Point  canals  taken  together  it  will  be  given 
further  on. 

The  freight  transported  in  this  canal  in  the  three  years  1915, 1916 
and  1917  averaged  3,700,000  short  tons  per  annum,  about  three- 
quarters  of  which  was  eastbound.  The  number  of  vessel  passages  was, 
in  1915, 8,641 ;  in  1916,  8,325 ;  in  1917,  8,701. 

The  diversion  of  water  from  the  St.  Lawrence  River  through  this 
canal  is  between  500  and  1,000  cubic  feet  per  second,  of  which  200 
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cubic  feet  per  second  or  less  is  for  navigation  purposes.  The  bal- 
ance is  used  deyeloping  power,  as  will  be  explained  in  Section  C  of 
this  report.  A  little  ot  this  diversion  is  returned  to  the  river  at 
JLock  28,  a  considerable  portion  at  Cardinal,  and  the  remainder  at 
Iroquois. 

Just  upstream  from  the  Galop  Canal  is  an  artificial  channel 
named  the  North  Channel,  which  was  constructed  by  Canada  as  an 
aid  to  navigation.  It  is  2 J  miles  long,  300  feet  wide,  and  16  feet 
deep,  and  cuts  through  Spencer  and  Drummond  Islands.  Its  cost 
was  $1,718,779.  Its  construction  would  have  caused  a  permanent 
lowering  of  the  river  above,  and  of  Lake  Ontario,  had  not  a  pier  or 
breakwater  been  extended  into  the  river  from  its  upstream  end  in 
such  manner  as  partially  to  shut  off  the  river  flow.  This  channel 
and  pier  have  caused  a  redistribution  of  the  river  flow,  but  no  di- 
version of  water  from  the  river. 

In  connection  with  this  improvement  a  dam  was  constructed  across 
what  is  known  as  the  "Gut,"  between  Adams  and  Galop  Islands. 
This  dam  has  raised  the  level  of  Lake  Ontario  approximately  half 
a  foot. 

Photograph  No.  47  shows  the  waste  weir  and  gates  beside  No.  27. 
Photograph  No.  48  is  of  the  canal  prism  with  the  river  in  the  back- 
grround 

Morrisburg  Canal. — ^The  Plat  Sapids,  or  Eapide  Plat,  previously 
described,  are  overcome  for  navigation  by  the  Morrisburg  Canal 
which  is  3§  miles  long,  and  exten(fi  along  the  Canadian  shore  from 
the  head  of  the  rapids  to  Morrisburg,  Ontario.  This  canal  has  a 
depth  of  14  feet  on  the  lock  sills,  and  also  in  the  canal  prism  which 
is  80  feet  wide  on  the  bottom,  152  feet  wide  at  the  water  surface, 
and  is  somewhat  enlarged  on  the  curves.  The  total  lift  of  about  11^ 
feet  is  overcome  hj  two  locks  each  270  feet  long.  Lock  No.  24  is 
about  1,000  feet  within  the  head  of  the  canal  and  is  styled  a  guard 
lo<i,  although  ordinarily  it  has  a  lift  of  1  to  3  feet.  It  has  a 
bottom  width  of  46  feet  and  a  top  width  of  46  feet  11  inches.  Lock 
No.  23,  at  the  foot  of  the  canal,  is  the  lift  lock  proper.  It  has  a 
bottom  width  of  44  feet  2  inches  and  a  top  width  of  46  feet  11  inches. 

Old  Lock  No.  24,  without  gates,  is  abreast  the  new  lock,  on  the 
river  side,  and  forms  part  of  the  wasteway  bypass  channel  around 
the  new  lock.  Old  Ix>ck  No.  23  is  near  the  new  lock,  at  Morrisburg, 
on  the  land  side.  It  is  still  in  commission  and  is  used  occasionally. 
Its  length  is  200  feet,  available  length  for  boats  175  feet,  breadth  45 
feet,  and  depth  of  water  on  the  miter  sills  9  feet. 

AJl  the  locks  are  operated  by  hand,  and  all  have  the  filling  and 
emptying  valves  in  the  gates. 

There  are  no  bridges  across  this  canal. 

All  upbound  vessels  use  the  canal.  All  downbound  vessels  run 
the  rapids  except  during  seasons  of  very  low  water,  when  the  deeper 
draft  [)oats  pass  down  the  canal. 

The  origmal  cost  of  construction  is  unknown.  The  cost  of  en- 
largement was  $2,158,242.  The  cost  of  maintenance  and  operation  is 
not  known  for  this  canal  separately. 

The  freight  tonnage  transported  and  number  of  vessel  passages 
are  the  same  as  for  the  Galop  Canal  for  upbound  boats,  and  con- 
siderably less  for  downbound  boats. 
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The  diversion  of  water  from  the  St.  Lawrence  River  through  this 
canal  is  l:)etw<?en  1,()0()  and  1,5()0  cubic  feet  per  second,  of  which  pos- 
sibly 200  cubic  feet  per  second  is  used  for  navigation  requirements. 
The  remainder  is  used  in  power  development,  as  will  be  explained  in 
section  (c).    All  this  water  is  returned  to  the  river  at  Morrisburg. 

Photograph  No.  49  shows  the  largest  size  St.  Lawrence  freight 
steamer  ready  to  leave  Lock  24,  upbound. 

Farran  Point  Canal. — The  Farran  Point  Rapids,  previously  men- 
tioned, is  navigated  by  all  downbound  boats  except  the  few  taking 
the  American  channel  to  Richards  Bay.  All  upbound  vessels  take  the 
Farran  Point  Canal  which  extends  along  the  Canadian  shore  abreast 
of  the  rapids. 

This  canal  is  IJ  miles  lone,  90  feet  wide  at  the  bottom,  154  feet 
wide  at  the  water  surface,  and  is  14  feet  deep.  There  is  one  lock,  Xo. 
22,  which  is  located  at  the  downstream  end  of  the  canal.  It  is  800 
feet  long,  50  feet  wide,  has  14  feet  of  water  on  the  sills,  and  has  a  lift 
of  approximately  3^  feet. 

On  the  land  side  of  this  lock  is  old  Lock  No.  22,  which  is  200  feet 
long,  45  feet  wide,  and  has  9  feet  of  water  on  the  sills.  Both  locks 
are  at  the  town  of  Farran  Point. 

The  locks  are  operated  by  hand. 

There  is  no  bridge  across  this  canal. 

The  cost  of  enlargement  was  $877,091. 

All  upbound  freight  passing  through  Galop  Canal  passes  through 
this  canal  also.    Practically  no  downbound  freight  enters  this  canal. 

The  diversion  of  water  is  all  for  navigation  and  probably  does  not 
average  as  much  as  50  cubic  feet  per  second.  It  is  simply  diverted 
around  the  rapids  for  a  distance  of  IJ  miles. 

The  three  canals  just  described,  namely,  Galop,  Morrisburg,  and 
Farran  Point,  are  known  collectively  as  the  Williamsburg  group. 
The  original  cost  of  construction  of  all  three  was  $1,320,656,  which 
was  expended  prior  to  1868.  The  enlargement  began  about  1885  and 
was  completed  about  1908.  The  total  cost  to  March,  1916.  of  opera- 
tion and  maintenance  of  all  thi*ee  canals  was  $1,511,903.  The  income 
during  the  same  period  was  $297,559. 

Cornwall  Canal. — The  Cornwall  Canal  overcomes  the  Long  Sault 
Rapids,  extending  along  the  Canadian  shore  of  the  river  from  just 
below  Dickinson  Landing  11  miles  to  Cornwall.  It  is  90  feet  wide  at 
bottom,  154  feet  wide  at  the  water  surface,  and  14  feet  deep.  About 
2^  miles  of  its  length  is  considerably  wider,  following  the  natural 
channel  between  Sheek  Island  and  the  north  main  shore. 

The  total  lift,  which  is  48  feet,  is  overcome  by  6  locks,  each  270  feet 
long,  45  feet  wide,  and  having  14  feet  of  water  on  the  miter  sills. 
Of  these,  Tx)ck  No.  21  is  about  \  mile  within  the  head  of  the  canal. 
From  Lock  21  it  is  about  5  miles  to  a  guard  gate  which  is  a  short 
distance  above  Lock  20.  It  is  about  1^  miles  irom  Lock  20  to  Lock 
19,  and  nearly  the  same  distance  from  Lock  19  to  Lock  18.  Locks 
Nos.  17  and  15  are  at  Cornwall,  at  the  downstream  end  of  the  canal. 
There  is  no  new  lock  No.  16.  The  lift  at  Lock  21  is  usually  only  a 
few  feet.  At  the  other  locks  the  lifts  are  about  as  follows :  No.  20, 
7  feet ;  No.  19,  6  feet ;  No.  18, 7  feet ;  Nos.  17  and  15, 14  feet  each.  The 
locks  are  operated  electrically,  and  the  canal  and  locks  are  lighted 
by  electricity. 
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The  old  locks  are  still  available,  with  the  exception  of  No.  21. 
They  are  each  200  feet  long,  45  feet  wide,  with  9  feet  of  water  on 
the  miter  sills.  Each  old  lock  is  abreast  of  the  new  lock  of  corre- 
sponding number,  except  at  the  lower  end  of  the  canal,  where  old 
Locks  Nos.  15,  16,  and  17  are  located  near  the  two  new  locks. 

The  single-track  drawbridge  of  the  New  York  &  Ottawa  Railway 
which  crosses  the  canal  just  above  Cornwall  has  already  been  men- 
tioned. There  are  also  two  highway  swing  drawbridges  across  the 
canal,  one  at  Cornwall  and  one  at  Mille  Roches.  These  have  center 
piers  in  the  canal. 

A  few  specially  constructed  passenger  steamers  shoot  the  Long 
Sault  Rapids.  All  other  vessels,  both  upbound  and  downbound,  take 
the  canal. 

The  original  cost  of  the  canal  was  $1,946,625.  Cost  of  enlarge- 
ment was  $5,300,679.  Cost  of  operation  and  maintenance  to  March, 
1916,  was  $3,102,415.    Receipts  to  the  same  date  were  $592,038. 

The  freight  transported  in  this  canal  in  the  three  years  1915, 
1916,  and  1917  averaged  3,700,000  short  tons  per  annum,  about 
three-fourths  of  which  was  eastbound.  The  number  of  vessel  pas- 
sages was,  in  1916,  8,641 ;  in  1916,  8,326 ;  and  in  1917,  8,701. 

The  amount  of  water  diverted  from  St.  Lawrence  River  by  the 
Cornwall  Canal  appears  to  average  roundly  about  3,000  cubic  feet 
per  second.  Of  this,  during  the  navigation  season,  an  average  of 
perhaps  300  cubic  feet  per  second  is  required  for  navigation  uses. 
The  remainder  is  utilized  in  power  development,  as  will  he  described 
in  section  (c)  of  this  report.  The  diverted  water  is  returned  to  the 
river  partly  at  MiUe  Roches  and  partlv  at  Cornwall,  all  within  a 
distance  of  5  to  11  miles  of  the  point  of  diversion. 

7.    PBOFOSED  £fil£  A  ONTARIO  SANITARY  CANAL. 

The  Erie  &  Ontario  Sanitary  Canal  Co.  proposes  to  construct  a 
combined  ship,  sanitary,  and  power  canal  from  Lake  Erie  to  Lake 
Ontario,  and  to  divert  26,000  cubic  feet  of  water  per  second  through 
it    The  route  is  shown  on  Plate  No.  6. 

Description  of  canal. — ^The  proposed  canal  is  to  start  from  a 
new  harbor  south  of  Lackawanna,  N.  Y.,  where  new  breakwaters 
and  piers  are  proposed,  extending  from  Woodlawn  Beach  out  into 
Lake  Erie  about  4  miles  to  Seneca  Shoal.  At  the  east  end  of  the 
harbor  a  lock  is  to  be  provided  for  lowering  vessels  about  8  feet 
into  the  head  of  the  canal.  From  this  lock  the  route  as  planned  starts 
toward  the  east,  turns  north  on  a  radius  of  about  16,000  feet,  and 
runs  along  the  eastern  outskirts  of  Buffalo  through  Hamburg,  West 
Seneca,  Cneektowaga,  and  Amherst  Townships.  1^  Pendleton  Town- 
ship it  crosses  the  New  York  State  Barge  Canal  at  grade.  It  then 
passes  through  the  west  edge  of  Lockport  Township,  to  the  top  of 
the  Niagara  escarpment,  just  west  of  the  "Lockport  Gulf."  Here 
a  pair  of  enormous  balanced  lift  locks  of  novel  design  and  unprece- 
dented  dimensions  are  to  overcome  the  drop  of  209  feet  to  the  level 
below.  The  canal  then  crosses  the  "Ontario  Plain  "  at  an  elevation 
of  about  S51  feet,  through  the  township  of  Newf ane,  to  another  pair 
of  lift  locks,  which  serve  the  drop  of  104  feet  to  the  level  of  Lake 
Ontario  in  Eighteenmile  Creek,  about  2  miles  from  its  mouth. 
27880—21 ^10 
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A  large  harbor  is  planned  to  be  constructed  at  Olcott,  at  the  mouth 
of  the  creek.  North  of  the  barge  canal  the  line  follows  very  closely 
the  Tonawanda-Olcott  route  projected  by  the  Board  of  Engineers 
on  Deep  Waterways,  the  main  canal  is  30  feet  deep  throughout,  and 
has  a  berm  5  feet  above  water  level  on  each  side^  the  berm  along 
one  side  being  10  feet  wide  while  on  the  other  side  it  is  40  feet  wide. 
From  Lake  Erie  to  the  point  where  the  river  branch  from  Tona- 
wanda  and  Black  Rock  enters,  the  cross  sections  are  designed  to  be 
as  follows:  In  rock  section  the  bottom  width  is  250  feet,  and  the 
side  slopes  10  on  1  both  above  and  below  the  berm.  Overlying 
earth  is  in  every  case  given  a  slope  of  1  on  2,  and  a  berm  is  left 
at  the  rock  surface.  In  sections  partly  earth  and  partly  rock,  if 
retaining  walls  are  used,  the  standard  rock  section  is  adopted  up  to 
rock  surface,  and  vertical  faced  retaining  walls  extend  from  the  rock 
surface  up  to  the  berm  5  feet  above  water  line,  the  excavated  areas 
behind  the  walls  being  backfilled.  In  sections  partly  in  earth  and 
partly  in  rock,  where  no  retaining  walls  are  used,  and  in  sections 
wholly  in  earth,  the  bottom  width  is  200  feet,  the  side  slopes  are 
1  on  2,  and  a  berm  10  feet  wide  and  5  feet  below  water  surface  is 
provided  on  each  side  of  the  canal.  From  the  River  Branch  junc- 
tion to  Lake  Ontario  the  bottom  width  for  each  type  of  section  is 
5j0  feet  greater,  the  other  characteristics  remaining  unchanged. 
Available  depth  of  water  in  the  locks  is  to  be  30  feet.  The  total 
length  of  the  main  canal,  exclusive  of  the  harbors,  is  40  miles.  It  is 
17^  miles  from  Lake  Erie  along  the  route  to  the  River  Branch  junc- 
tion, 3J  miles  from  there  to  the  barge  canal  crossing,  8  miles  fur- 
ther to  the  high  twin  locks,  and  9  miles  between  the  two  sets  of 
twin  locks.  The  excavation  is  very  heavy  and  is  largely  in  rock, 
the  overburden  reaching  a  maximum  of  approximately  140  feet. 

A  branch  canal  starts  at  Black  Rock  and  follows  the  line  of  the 
old  Erie  Canal  to  Twomile  Creek,  then  turns  eastward  along  the 
general  line  of  the  "  State  Ditch  "  and  Ellicott  Creek  and  joins  the 
main  canal  near  Getzville.  This  canal  has  a  depth  of  12  feet,  a  bot- 
tom width  of  100  feet,  and  side  slopes  of  1  on  2  with  a  10- foot 
berm  on  each  side  5  feet  under  water  and  another  10- foot  berm  on 
each  side  6  feet  above  water.  The  length  of  the  branch  canal  is  1^ 
miles. 

Diversions. — Of  the  proposed  26,000  cubic  feet  per  second  dis- 
charge through  the  canal,  4,800  is  to  go  through  the  Black  Rock 
Canal  and  the  River  Branch  Canal,  the  remaining  21,200  cubic  feet 
per  second  entering  the  main  channel  south  of  Lackawanna.  In 
each  part  of  the  system  the  velocity  will  be  approximately  3  feet  per 
second.  In  the  greater  part  of  the  ship  canal,  which  is  through  rock, 
this  velocity  will  delay  upbound  vessels  somewhat,  but  not  exces- 
sively. The  case  is  different,  however,  in  the  7  or  8  miles  of  earth 
section.  Mr.  Alfred  Noble,  in  his  studies  for  the  Board  of  Engineers 
on  Deep  Waterways,  statea  that  the  backwash  due  to  vessels  navigat- 
ing an  earth  section  of  a  canal  should  not  exceed  3  feet  per  second, 
and  that  a  velocity  of  3^  feet  per  second  would  cause  excessively  great 
cost  in  maintaining  the  banks.  In  the  earth  sections  of  this  canal 
the  backwash  from  the  slowest  upbound  boat,  added  to  the  current 
of  the  canal,  will  produce  a  velocity  along  the  banks  exceeding  this 
value,  and  with  large  steamers  moving  at  4  miles  per  hour  the 
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current  along  the  banks  would  amount  to  4.2  feet  per  second.  As 
economical  operation  requires  ship  speeds  of  8  miles  per  hour  or 
thereabouts,  it  is  evident  that  the  earth  section  as  designed  is  en- 
tirely inadequate.  The  river  branch  is  designed  to  serve  as  an 
extension  of  the  barge  canal  system,  and  for  the  type  of  boat  em- 
ployed on  this  system  a  current  of  3  feet  per  second  is  much  too 
great.  By  enlargement  of  various  sections  of  the  canal  these  diffi- 
culties could  be  overcome,  but  only  at  considerable  expense. 

The  grade  crossing  near  Pendleton  of  the  ship  canal  and  New  York 
State  Barge  Canal  affords  a  weak  point  in  the  proposed  scheme.  A 
volume  of  flow  of  26,000  cubic  feet  per  second  is  to  be  discharged 
into  the  crossing  bv  the  ship  canal,  and  an  equal  volume  abstracted 
on  the  opposite  side.  Similarly  a  flow  of  perhaps  1^00  cubic  feet 
per  second  is  contributed  by  tne  barge  canal  on  one  side  and  ab- 
stracted on  tiie  other.  The  resulting  eddies  and  cross-currents  would 
seem  to  render  the  crossing  difficult  of  navigation,  particularly  by 
strings  of  barges  in  the  barge  canal.  An  expensive  structure  could 
probably  be  designed  which  would  protect  the  crossing  by  guard 
gates  and  carry  most  of  the  water  beneath  the  crossing  through  in- 
verted syphons,  or  the  cross  currents  could  be  reduced  by  excavating 
a  large  and  expensive  basin  at  the  junction.  This  grade  crossing 
would  be  very  much  more  difficult  than  the  grade  crossing  of  the 
barge  canal  and  Genesee  River  at  Rochester,  partly  because  the 
Genesee  is  very  wide  at  the  crossing,  but  mostly  because  the  volumes 
of  flow  to  be  mindled  are  almost  always  so  very  much  smaller  in  the 
Rochester  case. 

Objections. — ^There  are  two  fatal  objections  to  the  proposition  as 
a  ship  canal.  The  first  is  its  great  length  as  compared  to  other  avail- 
able routes.  If  portions  of  the  Niagara  Eiver  are  utilized  the  arti- 
ficial ship  canal  between  Lakes  Erie  and  Ontario  need  be  only  8  miles 
long  by  the  LaSalle-Lewiston  route,  or  25  miles  long  by  the  Tona- 
wanda-Olcott  route,  as  these  routes  were  projected  by  the  Deep 
Waterways  Board.  From  Lewiston  to  Lake  Ontario  the  Niagara 
River  is  wide  and  deep,  and  of  moderate  current,  requiring  but  the 
removal  of  a  small  shoal  at  its  mouth  to  make  it  readily  navigable 
by  deep  draft  vessels.    Above  LaSalle  the  upper  Niagara  River  re- 

?iiiires  only  a  moderate  amount  of  improvement  to  make  it  navigable 
or  30-foot  draft  with  far  greater  roeed  and  safety  than  any  ship 
canal.  The  Deep  Waterways  Board  reported  that  "between  Bui- 
falo  and  a  point  common  to  the  two  routes  in  Lake  Ontario  *  *  * 
in  a  3Q-f oot  channel  a  steamship  of  27  feet  draft  would  be  one  hour 
and  f orty-tiiree  minutes  longer  by  the  Tonawanda  route.  Since  the 
cost  of  maintenance  of  the  Lewiston  waterway  would  be  less  than  for 
the  route  from  Tonawanda  to  Olcott,  the  interest  and  expense  ac- 
counts will  be  much  less  for  the  former,  and  as  the  actual  time  saved 
by  a  steamship  on  the  Lewiston  route  would  be  from  11  to  16  per  cent 
of  the  time  of  passage,  it  is  evident  that  both  economy  in  construc- 
tion and  cost  of  transportation  definitely  determine  the  Lewiston 
waterway  as  the  preferable  route."  The  proposed  Seneca  Shoal- 
Olcott  Ifoute  of  the  Erie  &  Ontario  Sanitary  Canal  Co.  has  a  length 
of  40  miles.  Every  reason  which  makes  the  LaSalle  route  better 
than  the  Tonawanda  route  applies  with  double  force  to  a  comparison 
between  the  LaSalle-Lewiston  and  the  Seneca  Shoal-Olcott  routes. 
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The  other  fatal  objection  is  the  fact  that  the  proposed  canal  route 
intersects  every  railroad  and  road  entering  Buffalo  from  the  -west, 
south,  and  east,  at  each  of  which  crossings  a  drawbridge  would 
be  required  unless  the  crossings  were  abandoned.  This  is  probably 
the  most  serious  objection  of  all. 

North  of  the  State  of  Georgia  the  only  low  pass  through  the  Ap- 
palachian Range  from  the  Atlantic  seaboard  to  the  interior  of  the 
United  States  is  by  way  of  the  valleys  of  the  Hudson  and  Mohawk 
Rivers.  The  most  important  rail  routes  from  New  York  and  New 
England  follow  this  pass,  and^they  all  enter  Buffalo,  which,  because 
of  its  strategic  position  at  the  junction  of  the  western  end  of  this 
pass  and  eastern  end  of  the  chain  of  upper  Great  Lakes,  has  become 
one  of  the  largest,  most  important,  ana  also  most  congested  railroad 
centers  in  the  United  States.  The  proposed  canal  cuts  every  one 
of  the  great  lines  of  conununication  between  the  East  and  West 
through  this  pass,  and  cuts  some  of  them  twice.  In  the  first  15  miles 
from  Lake  Erie  it  intersects  10  electric  railroad  tracks,  21  highways 
having  no  trolley  tracks,  and  52  steam  railroad  tracks. 

It  is  estimated  that  a  total  of  more  than  70  separate  drawbridges 
will  be  required  for  the  entire  route.  A  drawbridge  over  a  ship 
canal  is  always  &  source  of  delay  to  traffic  both  over  the  bridge  and 
in  the  canal.  As  it  is  impracticable  for  large  vessels  to  stop  in 
canals  they  are  customarily  given  right  of  way,  and  land  traffic  is  ac- 
cordingly delayed.  Notwithstanding  having  the  right  of  way,  steam- 
ers usually  find  it  necessary  to  reduce  speed  to  a  minimum  in  the  vi- 
cinity of  drawbridges,  and  thus  suffer  considerable  delav.  Occasion- 
ally  the  bridge  operating  mechanism  fails  to  work  promptly,  and 
then  serious  accidents  often  occur.  In  a  current  of  3  feet  per  sec- 
ond the  difficulties  would  be  intensified.  Downbound  vessels  would 
not  have  steerage  way  unless  making  at  least  4  to  5  miles  per  hour 
with  respect  to  the  bank.  At  such  speed  they  could  not  be  stopped 
quickly.  In  brief,  such  a  condition  as  would  necessarily  prevail  in 
tne  first  15  miles  of  the  route  from  Lake  Erie  would  be  intolerable 
both  from  the  standpoint  of  the  railroads,  and  also  from  that  of  nav- 
igation. 

Other  objections  are  the  lowering  of  Lake  Erie  1.18  feet  at  mean 
stage  which  the  direct  diversion  proposed  would  cause,  and  the  pro- 
duction of  excessive  currents  in  the  present  Black  Rock  Canal.  The 
first  of  these  conditions  could  be  remedied  by  costly  remedial  works; 
the  second  by  an  expensive  enlargement  of  the  Black  Bock  Canal. 

As  far  as  navigation  is  concerned,  therefore,  this  proposition  is 
not  believed  to  be  worthy  of  further  consideration.  From  the  stand- 
point of  sanitation  it  is  treated  in  section  (b),  and  as  a  power  de- 
velopment enterprise  it  is  dealt  with  at  considerable  length  in  Sec- 
tion F. 

8.   OTHER  PROPOSED   NAVIGATIOK  CANALS,  LAKE  ERIE  TO  LAKE  ONTARIO. 

Aside  from  the  new  Welland  Ship  Canal,  now  partially  con- 
structed, and  the  proposed  Erie  and  Ontario  Sanitary  Canal,  the 
Eroposed  routes  of  navigation  canals  connecting:  Lakes  Erie  and 
Ontario  have  contemplated  using  portions  of  the  Niagara  Eiver. 
Attention  is  directed  to  Plate  No.  6,  which  is  a  map  showing 
Niagara  Biver  in  its  relation  to  the  Weiland  Canal  and  to  various 
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proposed  canals,  including  that  of  the  Erie  and  Ontario  Sanitary 
Canal  Co.;  and  also  to  Plate  No.  11,  which  gives  profiles  of  the 
Niagara  Siver. 

Before  proceeding  to  consider  the  various  proposed  canals,  a 
brief  description  of  Niagara  River  and  the  surrounding  terrain  will 
beffiven. 

Description  of  Niagara  River. — ^The  country  traversed  by  the 
Niagara  Biver  lies  in  two  pl&uis ;  separated  by  a  steep  bluff  called 
the  r^iagara  escarpment.  The  upper  plain  has  an  undulating  sur- 
face with  a  genersd  elevation  of  600  feet  above  sea  level.  The  lower 
or  Lake  Ontario  plain  is  comparatively  smooth  except  where  streams 
have  washed  out  narrow  valleys.  From  its  southern  edge,  which 
has  an  elevation  of  380  to  400  feet  above  sea  level,  it  slopes  north- 
ward to  an  elevation  of  about  260  feet  at  the  lake  shore,  with  low 
bluffs  10  to  30  feet  high.  A  contour  map  compiled  from  United 
States  Geolo^cal  surveys  and  other  sources  is  published  in  House 
Document  No.  149^  Fifty-sixth  Congress,  second  session.  (Beport  of 
the  Board  of  EngmeeiB  on  Deep  Waterways,  Plate  No.  92.) 

The  Niagara  luver  forms  the  natural  outlet  of  Lake  Erie  at  Buf- 
falo, discharging  the  surplus  waters  into  Lake  Ontario  at  Youngs- 
town,  N.  Y.  It  is  37  miles  long  by  the  channel  on  the  American 
side  of  Grand  Island,  and  33  miles  long  by  the  channel  on  the 
Canadian  side  of  Grand  Island.  The  total  fall  in  water  surface 
from  lake  to  lake  averaged  326.35  feet  for  the  years  1860  to  1917,. 
both  inclusive.  Of  this  total  fall  about  162  feet  is  the  sheer  drop* 
of  Horseshoe  Falls.  The  discharge  of  the  river  varies  from  about 
110,000  to  400,000  cubic  feet  per  second,  depending  on  the  stage  of 
Lake  Erie.  At  the  average  stage  for  the  years  1860  to  1917,  inclu- 
sive, namely,  572.53^  the  discharge  is  208,000  cubic  feet  per  second. 
The  increment  of  discharge  per  foot  rise  of  lake,  near  mean  stage, 
is 22,000  cubic  f eetper  second. 

Leaving  Lake  Erie  the  river  flows  over  a  limestone  ledge  in  a 
stream  about  1,600  feet  wide  and  of  15  feet  maximum  depth  at  its 
most  restricted  section.  At  this  point  the  velocity  approximates  B 
miles  per  hour.  In  a  distance  of  3}  miles  from  the  head  of  the 
river  to  the  foot  of  Squaw  Island  the  fall  in  water  surface  is  ap- 
proximately 5.1  feet,  varying  somewhat  with  the  stage  of  Lake  Ene. 
This  section  of  the  river  acts  as  a  control  on  the  discharge  of  the 
river,  and  is  equivalent  in  its  hydraulic  effect  to  a  submerged  weir. 
Changes  in  water  surface  elevation  at  the  foot  of  Squaw  Island  have 
about  seven-tenths  as  much  effect  on  the  discharge  as  equal  changes 
on  Lake  Erie  have.  That  is,  a  rise  of  one-tenth  foot  in  Lake  Erie 
produces  an  increase  in  discharge  of  2,200  cubic  feet  per  second, 
causing  at  the  same  time  a  rise  of  0.082  foot  at  foot  of  Squaw  Island ; 
while  a  lowering  of  0.1  foot  at  foot  of  Squaw  Island,  Lake  Erie  ele- 
vation meanwhOe  remaining  unchanged,  would  produce  only  1,560 
cubic  feet  per  second  increased  flow,  xhe  latter  condition  is  possible 
when  the  river  regimen  has  been  disturbed  artificially.  The  Inter- 
national Bridge,  a  single  track  structure  belonging  to  the  Grand 
Trunk  Eailroad,  crosses  the  river  at  Squaw  Island  and  has  eight 

river  piers. 

About  three-quarters  of  a  mile  below  Squaw  Island  the  river  is. 
divided  by  Strawberry  Island,  and  farther  down  by  Grand  Island. 
The  channel  east  of  Grand  Island  is  known  as  the  American  or 
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Tonawanda  Channel,  while  that  west  of  Grand  Island  is  called  the 
Canadian  or  Chippawa  Channel.  From  the  point  of  division  it  is 
12  miles  by  the  Canadian  and  16  miles  by  the  American  channel  to 
the  point  of  reuniting  below  Navy  Islana,  about  a  mile  above  Wel- 
land  Eiver.  From  Squaw  Island  to  Welland  River  the  fall  is  4.8 
feet.  The  Chippawa  Channel  averages  between  one-half  and  three- 
fourths  mile  wide,  and  approximately  18  feet  deep.  The  Tonawanda 
Channel  for  the  first  7  miles  is  about  one-third  mile  wide  and  25 
feet  deep,  and  for  the  remainder  of  the  way  is  about  three-fourths 
mile  wide  and  10  feet  deep.  The  current  averages  about  2  to  2^  feet 
per  second  in  these  two  channels.  The  International  boundary  line 
follows  the  Chippawa  Channel,  close  to  Grand  Island. 

From  1  mile  above  to  1  mile  below  Welland  River  the  Niagara 
River  is  roughly  a  mile  wide,  and  averages  8  to  10  feet  deep.  This 
reach  is  known  as  the  Chippawa-Grass  Island  Pool.  Its  average 
elevation  is  about  663  feet.  It  discharges  over  a  natural  rock  barrier 
in  a  waterfall  averaging  6  to  10  feet  in  height,  and  known  as  the  first 
cascade.  Hydraulically,  the  rock  barrier  is  equivalent  to  a  weir,  and 
the  first  cascade  is  a  n*ee  overfall.  Diversions  of  water  below  the 
first  cascade  can  have  no  effect  on  the  river  above  the  cascade,  as  for 
example  the  diversions  on  the  Canadian  side  by  the  Toronto  Power 
Co.,  Canadian  Niagara  Power  Co.,  International  Railway  Co.,  and 
City  Waterworks  of  Niagara  Falls,  Ontario.  Diversions  from 
Chippawa-Grass  Island  Pool  are  made  on  the  United  States  side  by 
the  plants  of  the  Niagara  Falls  Power  Co.  and  Hydraulic  Power  Co., 
while  on  the  Canadian  side  the  diversion  of  the  Ontario  Power  Co. 
is  made  from  the  lip  of  this  pool. 

The  first  cascade  forms  the  upper  portion  of  a  series  of  cascades 
and  rapids  extending  to  the  brink  of  the  falls.  This  reach  of  river 
is  about  half  a  mile  long  and  is  divided  longitudinally  by  Goat  Island 
into  the  Canadian  and  American  Rapids,  the  former  being  wide  and 
the  latter  narrow.  The  drop  from  Welland  River  to  brink  of  Horse- 
shoe Palls  is  about  55  feet,  while  to  the  American  Falls  it  is  only  50 
feet.  Horseshoe  Falls  and  American  Falls  are  separated  by  Goat 
Island.  The  former  is  3,000  feet  long  and  162  feet  high ;  the  latter  is 
1,000  feet  long  and  167  feet  high. 

From  the  foot  of  the  falls  the  river  flows  in  a  gorge  whose  banks 
are  180  to  250  feet  high  for  ^  miles  to  Lewiston.  At  the  latter 
locality  the  ground  fafls  away  very  abruptly  from  an  elevation  of 
about  600  feet  to  an  elevation  of  approximately  350  feet.  From  the 
foot  of  the  falls  for  about  2  miles  the  river  is  roughly  800  feet  wide 
at  the  water  surface,  and  100  to  192  feet  or  more  deep.  Its  velocity 
is  moderate,  its  surface  generally  smooth,  and  its  drop  in  water  sur- 
face from  upper  to  lower  end  of  the  reach  approximately  5  feet  at 
mean  stage.  This  reach  is  variously  known  as  the  Upper  Gorge 
Pool,  Pool  Below  the  Falls,  Maid-of-the-Mist  Pool,  etc.  In  this 
report  it  will  be  designated  the  Maid-of-the-Mist  Pool.  All  of  the 
present  water-power  developments  discharge  into  the  upstream  half 
of  this  pool,  whose  average  elevation  is  about  343  feet.  A  highway 
bridge  known  as  the  Upper  Steel  Arch  Bridge  spans  the  pool  about 
1,000  feet  downstream  from  the  American  Falls. 

Below  the  Maid-of-the-Mist  Pool  the  next  mile  of  the  river  is  a 
wild,  turbulent   rapids  called  the  Whirlpool   Rapids,  which   dis- 
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charges  into  the  Whirlpool.  The  water  surface  drops  48  feet  from 
upper  to  lower  pool.  The  average  width  at  water  surface  in  the 
rapids  is  400  feet,  and  the  average  depth  is  roughly  30  feet.  At  the 
narrowest  section  the  width  is  320  feet  and  the  mean  depth  32  feet, 
while  at  the  shallowest  section  the  width  is  410  feet  and  the  mean 
depth  17  feet.  The  mean  velocity  is  roughly  25  feet  per  second,  the 
maximum  velocity  exceeding  38  feet  per  second.  The  upper  end  of 
the  ^Yhirlpool  Sapids  is  crossed  by  two  double  track  railway  bridges, 
one  known  as  the  Michigan  Central  Cantilever  Brid^,  and  the  other 
the  Grand  Trunk  Steel  Arch  Bridge.  The  latter  is  a  double  deck 
structure  carrying  a  highway  under  the  railroad  tracks. 

The  Whirlpool  is  1500  feet  long,  1200  feet  wide,  and,  according  to 
the  soundings  of  Dr.  J.  W.  Spencer,  24  to  126  feet  deep.  Its  average 
elevation  is  292  feet.  The  level  of  the  Whirlpool  fluctuates  through 
a  greater  range  of  stage  than  the  level  of  any  of  the  other  pools, 
and  the  water  surface  is  more  disturbed. 

The  Lower  Rapids  extend  from  the  Whirlpool,  3^  miles  to  Lewis- 
ton.  The  total  water  surface  drop  in  this  distance  is  46  feet.  The 
rapids  vary  in  width  from  310  to  900  feet,  and  in  depth  from  40  to 
at  least  150  feet.  The  slope  is  not  as  uniform  as  in  the  whirlpool, 
consisting  in  several  steep  pitches  connected  by  sections  of  consider- 
ably-^ less  slope.  About  three-fourths  mile  below  the  Whirlpool  is  the 
beginning  of  the  narrowest  section,  which  extends  downstream  nearly 
half  a  mile.  This  portion  of  the  rapids  is  abreast  of  a  low  lying 
piece  of  ground  in  the  gorge  on  the  Canadian  side  known  as  Niagara 
Glen  or  Poster  Flats,  and  is  sometimes  called  Foster  Flats  Rapids. 
It  has  a  steep  slope.  At  the  lower  end  of  the  Lower  Rapids  there 
is  a  suspension  bridge  known  as  the  Lewiston-Queenston  Bridge. 

From  the  suspension  bridge  to  Lake  Ontario  is  7^  miles,  and  the 
water  surface  drop  is  approximately  one-half  foot.  This  portion  of 
the  river  is  roughly  one-half  to  one-third  mile  wide  and  30  to  60 
feet  deep.  The  current  is  moderate.  The  banks  are  50  to  100  feet 
hi^,  becoming  lower  near  the  mouth  of  the  river. 

The  general  direction  of  the  river  is  from  south  to  north,  although 
the  portion  above  the  Falls,  frequently  known  as  the  Upper  River, 
trends  more  nearly  northwest,  while  the  portion  below  the  Falls,  the 
Lower  River,  flows  in  general  almost  exactly  north.  Just  above  the 
falls  the  river  is  flowing  almost  due  west  and  at  the  foot  of  the  falls  it 
turns  more  than  a  right  angle,  flowing  a  little  east  of  north.  The 
Canadian  Falls  is  south  of  the  American  Falls.  Another  sharp 
right  angled  bend  in  the  river  occurs  at  the  Whirlpool,  where  the 
direction  of  flow  changes  from  northwest  to  northeast. 

The  Niagara  River  is  navigable  for  boats  of  considerable  size  from 
Lake  Erie  to  the  Welland  Kiver  and  to  docks  behind  Conners  Is- 
land. It  is  navigable  also  from  Lewiston  and  Queenston  to  Lake 
Ontario.  In  the  Maid-of-the-Mist  Pool  two  small  steamers  operate 
in  sununer  time,  carrying  sightseers  up  close  to  the  foot  of  the  falls, 
but  these  boats  do  not  attempt  to  navigate  the  rapids  below. 

TTie  Niagara  Route, — The  Niagara  River  route,  including  a  port- 
age around  the  Falls  and  rapids,  had  been  one  of  the  main  thorough- 
fares of  the  Indians  from  time  immemorial,  when,  in  the  seventeenth 
century,  it  was  discovered  by  the  French  explorers  of  the  great  natural 
inland  waterway  of  the  Great  Lakes  system.    As  early  as  1678  the 
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French  had  a  post  which  commanded  the  portage.  The  frontier 
passed  into  the  control  of  the  British  in  1759.  ^y  both  nations  it 
was  considered  of  vast  importance  because  of  this  route  between  east 
and  west,  and  its  early  growth  was  due  to  this  fact.  Toward  the 
end  of  the  eighteenth  century,  when  the  era  of  American  canal 
building  began,  the  idea  of  a  canal  to  replace  the  portage  was  sug- 
gested several  times,  and  it  appears  that  a  survey  for  a  canal  was 
made  in  1784.  In  1798  a  company  was  incorporated  to  build  such  a 
canal,  but  nothing  further  was  accomplished.  Since  that  date  but 
few  years  have  passed  without  agitation  for  the  construction  of  such 
a  canal,  and  many  surveys  and  estimates  have  been  made. 

Examinations  and  surveys  ordered  by  Congress  have  been  heretofore  made  and 

reports  thereon  published^  as  foUotos: 


Niagara  Ship  Canal. 

Congressional  Documents. 

Annnal  reports 
of  Engineers. 

ReooBimen- 

Year. 

House  or 
Senate. 

No. 

Con- 
gress. 

Session. 

Year. 

Pages. 

datioo. 

Five  rcRxtes:  depth,  10- 

1836 

1837 
1864 

1868 

1889 

1892 

1896 

1897 

1897 

1900 

House... 

...do 

...do 

H.  Ex.. 

214 

201 
61 

197 

24th... 

24th... 
38th... 

40th... 

First 

Favorable. 

feet;  locks,  200  by  M 
Urging  need  for 

Second.. 

Da 

Five    roates,    depth    12 

First.... 

None. 

feet;  locks,  m  by  45  feet. 
Six  routes;  depth,  14  feet; 

locks,  275  by  46  feet.. 
Two  roates;  depth,  20} 

Second.. 

1868 
1889 

271-287 
2484 

Do. 
Favorable. 

feet;  locks  400  by  60  feet. 
Presentation  favorable  to 

House... 
...do .... 
...do .... 
...do .... 
. .  .do .... 

1023 

423 

192 

86 

149 

62d.... 
54th... 
54th... 
55th... 
56th... 

First.... 

Do. 

above. 
Presentation  favorable  to 

...do .... 

Do. 

a  canal. 

Hfipeil^I  prpJimiTiary  ax- 

Second.. 

Do. 

amination  and  data. 
Foot  routes;   depth  24 

feet;  locks  530  by  60  feet. 
^41  f^i^T^wi^ton  mite 

First.... 
Second.. 

1807 

8128-3237 

Unfavorable. 
Favorable. 

and  Tonawanda-Olcott 
route;  depth,  21  feet; 
locks,  600  by  60  feet; 
depth,   80  f^t;  locks, 
740  by  80  feet. 

Surveys  made  under  other  auspices  are  enumerated  as  follows : 

1784.  First  survey  made  for  a  canal  around  the  Falls  of  Niagara ; 
by  private  interests. 

1798.  Company  chartered  by  the  State  of  New  York  to  construct 
a  canal  around  Niagara  Falls,  capable  of  passing  boats  of  80  tons 
burden,  said  canal  to  be  completed  10  years  thereafter. 

1808.  Survey  by  James  Geddes,  under  direction  of  surveyor  gen- 
eral of  the  State  of  New  York  of  route  for  a  canal  around  the  rails 
from  Schlosser's  to  Lewiston. 

1808.  Secretary  of  the  Treasury ,  under  United  States.  Senate  reso- 
lution submitted  report  of  Niagara  Ship  Canal,  Schlossers  to  Lewis- 
ton,  via  The  Devils  Hole. 

1826.  Survey  by  private  individuals,  with  a  view  to  obtaining  a 
charter  from  the  State  of  New  York. 

1863.  Under  charter  granted  by  the  State  of  New  York,  survey 
made  by  Charles  B.  Stuart  and  Edward  W.  Serrell  for  a  canal  be- 
tween Tonawanda  Creek  and  Lake  Ontario.    Proposed  dimensions 
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of  canal.  170  feet  wide  at  top,  130  feet  on  the  bottom  and  14  feet 
depth  oi  water,  with  locks  300  feet  long  and  70  feet  wide  in  the 
chamber;  estimated  cost,  shortest  line,  8  miles  long,  with  single 
locks,  $10,290,471.59 ;  with  double  locks,  $13,169,569.69. 

Plans  of  the  United  States  Board  of  Engineers  on  Deep  Water- 
ways. — ^All  previous  preliminary  examinations  and  survevs  are  re- 
garded as  superseded  by  the  elaborate  surveys  made  by  the  United 
State  Board  of  Engineers  on  Deep  Waterways,  whose  report,  in  two 
lai^e  volumes  and  a  portfolio  of  plates,  is  that  noted  on  the  above 
tabulation  as  of  1900,  House  Doc.  149,  56th  Cong.,  2d  sess.  This 
is  the  most  recent  and  also  the  most  elaborate  ana  complete  survey 
and  estimate.  In  the  course  of  the  present  investigation  a  carefiil 
reconnaissance  was  made  of  both  routes  between  Xiake  Erie  and  Lake 
Ontario,  which  were  surveyed  by  the  board  and  revision  surveys  of 
the  La  Salle-Lewiston  route  were  made  in  sufficient  detail  te  bring 
the  information  up  to  date.  The  Board  of  Engineers  on  Deep 
Waterways  was  appointed  in  1897,  ^'  to  make  surveys  and  examina- 
tions (including  estimate  of  cost)  of  deep  waterways  and  the  routes 
thereof  between  the  Great  Lakes  and  the  Atlantic  tide  waters.''  The 
members  were  Maj.  Charles  W.  Kaymond,  Corps  of  Engineers, 
United  States  Army,  Alfred  Noble,  and  Greorge  x .  Wisner.  The 
work  of  the  board  was  very  extensive  and  of  a  very  high  grade. 
Under  its  direction  nearly  500  square  miles  of  topographic  and  hy- 
drographic  surveys  were  made,  several  hundred  rock  soundings 
taken,  many  miles  of  precise  levels  run,  and  many  hydraulic  measure- 
ments obtained.  It  also  made  extensive  studies  of  traffic  conditions, 
size  of  ships,  speed  of  ships  in  canals,  water  supply  te  summit  levels, 
and  similar  subjects. 

The  board  investigated  two  routes  between  Lake  Erie  and  Lake 
Onterio.  One  left  we  Niagara  Kiver  at  Tonawanda  and  entered 
Lake  Onterio  at  Olcott,  about  18  miles  east  of  the  mouth  of  the 
Niagara  River.  The  other  left  the  river  at  La  Salle  and  entered  the 
lower  river  at  Lewiston,  about  six  miles  above  ite  mouth.  The 
board  reconmiended  the  La  Salle-Lewiston  route  as  offering  the  most 
assistance  to  navigation  and  being  also  the  cheapest. 

The  length  of  the  proposed  LaSalle-Lewiston  canal  is  9.16  miles. 
The  vertical  drop  is  318.8  feet  which  is  to  be  overcome  by  eight  locks, 
arranged  in  one  aouble  flight  of  six  and  one  double  flight  of  two.  Two 
sets  ox  plans  and  estimates  were  made,  one  for  a  21 -foot  channel  and 
the  other  for  a  30- foot  channel.  The  principal  dimensions  of  the 
two  plans  are  as  follows : 


Width  of  drednd  chamiel  in  river 

Width  of  canal  Cbottom  in  rock  section) 

Length  of  locks,  quoin  to  quoin 

Width  of  locks 

Lift  of  locks,  upper  fllfdit  (each) 

Lift  of  lockBr  kmer  fliibt  (each) 

Estimated  cost 


21-loot  channel. 

a(M6ot  channel. 

600  feet 

600  feet. 

240  feet 

2fi0feet. 

eoofeet 

740  feet. 

60  feet 

One  set  60  feet. 

40  feet 

one  set  80  ftot. 
40  feet. 

3Q.4leet 

30. 4  feet. 

138,611,723 

186,831,867. 

These  costs  include  a  lock  at  Black  Bock  which  has  since  been  built. 
They  also  include  the  cost  of  regulating  works  at  the  head  of  the 
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river.  The  amount  of  water  required  to  be  diverted  from  Niagara 
River  was  not  stated,  but  it  probably  was  less  than  1,000  cubic  feet 
per  second.  The  report  is  very  exhaustive  and  represents  the  latest 
ideas  as  to  what  an  Erie-Ontario  Canal  should  be,  except  that  the 
great  size  of  ships  now  in  use  would  require  that  the  locks  be  made 
larger  than  recommended.  The  estimates  of  cost  are,  of  course,  quite 
obsolete  because  of  the  recent  rise  in  prices. 

The  improvements  to  the  Black  Rock  Canal,  made  since  the  report 
of  the  Deep  Waterways  Board,  including  construction  of  the  new 
lock  at  Black  Rock,  have  been  described  previously.  Downstream 
from  the  lock  the  Niagara  River  has  been  improved  for  a  distance  of 
2^  miles  to  provide  a  channel  400  feet  wide  and  21  feet  deep  at  low 
water  datum,  extending  to  deep  water  in  the  Tonawanda  Channel, 
from  which  point  the  natural  channel  is  of  ample  width  and  depth 
for  5  miles,  or  nearlv  to  the  head  of  the  Tonawanda-Olcott  route. 
Further  authorized  improvement  will  extend  the  21  foot  channel 
downstream  H  miles  to  the  Tonawanda  Iron  &  Steel  Co.  dock.  The 
river  thence  to  the  head  of  the  LaSalle-Lewiston  route,  3|  miles,  has 
been  improved  to  provide  a  channel  200  feet  wide,  and  10  feet  deep 
at  low  water  datum.  Scattered  bowlders  moved  into  the  channel  by 
ice  have  reduced  the  available  depth  to  about  8  feet. 

Further  details  of  the  work,  plans,  and  estimates  of  the  Deep 
Waterways  Board  are  given  in  the  following  quotations  from  ite 
report : 

A  careful  reconnaissance  made  by  the  board  in  advance  of  the  field  work 
showed  that  only  two  of  the  routes  from  Lake  Erie  to  Lake  Ontario  were  worthy 
of  investigation,  viz :  The  route  from  the  Niagara  River  at  Tonawanda  to  Lake 
Ontario  at  Olcott,  and  from  the  river  at  La  Salle  to  Lewiston  and  thence  through 
the  Niagara  River  to  the  lake. 

These  were  thoroughly  investigated  relative  to  volume  and  kind  of  material 
to  be  excavated,  nature  and  dimensions  of  structures  which  will  be  needed,  and 
character  of  foundation  on  which  such  structures  will  have  to  be  erected. 

The  difficulties  to  be  overcome  on  the  two  routes  are  practically  the  same  and 
the  real  comparative  merits  of  the  waterways  depend  largely  upon  relative  cost 
to  construct  and  maintain  them  and  the  difference  in  time  required  by  a  type 

steamship  to  traverse  the  respective  routes  between  points  common  to  each. 

*     *     * 

The  question  has  been  raised  as  to  the  advisability  of  constructing  locks, 
which  will  cost  several  million  dollars,  as  close  to  the  boundary  between  the 
United  States  and  Canada  as  will  be  the  case  at  the  I-«ewlston  escarpment;  but 
when  we  consider  the  important  lock  and  regulating  structures  which  wlU  be 
needed  at  the  head  of  Niagara  River,  the  deep  channels  already  excavated  in 
Canadian  waters  at  the  mouth  of  the  Detroit  River,  and  the  locks  and  canals 
at  Sault  Ste.  Marie,  it  is  difficult  to  conceive.  If  the  Lewiston  location  is  objec- 
tionable for  military  reasons,  why  similar  reasons  should  not  have  prevented 
the  Improvement  of  the  entire  upper  lake  system  of  waterways.     *     ♦     * 

In  the  very  improbable  event  of  a  war  with  Great  Britain,  every  large  ship 
of  war  possessed  by  this  country  would  be  required  on  the  high  sea.  Such 
vessels  would  be  unnecessary  on  the  lakes,  since  the  greatest  depth  of  the 
Canadian  waterways  is  only  14  feet. 

The  survey  of  the  Niagara  Ship  Canal  was  commenced  in  September,  1897, 
and,  including  borings,  was  completed  In  April,  1898.  The  work  consisted  In 
developing  two  routes  from  Lake  Erie  to  Lake  Ontario,  one  from  Buffalo,  via 
the  Niagara  River  to  Tonawanda,  and  thence  by  ship  canal  to  Olcott,  on  Lake 
Ontario,  and  the  other  by  the  Niagara  River  to  La  Salle,  near  the  lower  end  of 
Grand  Island,  and  thence  by  ship  canal  to  the  Niagara  River  at  Lewiston,  from 
which  place  there  is  a  good  natural  channel  to  Lake  Ontario. 

The  topography  of  the  country'  was  determined  with  sufficient  accuracy  to 
develop  contours  of  2-foot  Intervals  on  the  field  maps,  and  borings  were  put 
<lown  at  such  points  as  necessary  to  establish  the  profile  of  the  rock  surface 
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where  above  canal  grade,  along  the  line  of  the  proposed  waterway  as  finally 
located  on  the  field  maps.  Fonrteen  diamond  drill  borings  were  afterwards 
put  down  along  the  location  for  these  two  lines  to  ascertain  the  character  of 
material  to  be  excavattHl,  and  the  nature  of  foundations  on  which  structures  are 
to  be  fionnded. 

Particular  exiiniination  was  made  of  tho  i^carpiuent  extending  from  above 
Lewiston  to  Loctcport,  with  an  average  elevation  of  about  620  feet  above  mean 
tide  at  New  Yorlc  A  little  west  of  Lockport  a  narrow  ravine,  known  as  the 
"  Qnlf  **  cuts  through  the  escarpment,  which  has  been  generally  regarded  as 
the  best  location  for  locking  down  to  the  lower  plateau. 

Comparative  estimates,  based  on  accurate  surveys,  indicate  that  a  better 
line  can  be  located  west  of  the  "Oulf"  in  which  the  waterway  can  be  con- 
structed at  less  cost 

From  the  foot  of  the  escarpment  at  Lockport  the  plateau,  consisting  of  red 
shale,  gradually  falls  toward  Lake  Ontario. 

The  top  of  the  escarpment  above  Lewiston  has  practically  the  same  elevation 
as  at  Lockport,  but  has  a  steeper  incline  toward  Lake  Ontario  than  the  latter. 
The  constructiim  of  a  watei'way  l)y  thither  route  will  Involve  tho  construction  of 
locks  having  high  lifts. 

On  the  Lewiston  route  the  Niagara  River  constitutes  a  first-class  natural 
harbor  for  the  Lake  Ontario  terminal,  whereas  for  all  the  other  routes  artificial 
harbors  will  have  to  be  constructed. 

The  La  Salle-I/ewiston  route  haK  fewer  important  railroad  crossings  than  the 
Olcott  route,  and  does  not  interfere  with  manufacturing  and  private  enterprises 
to  the  extent  that  the  latter  does  in  the  vicinity  of  Tonawauda. 

From  an  engineering  and  linancial  point  of  view,  and  from  the  less  danger  of 
delays  and  accidents  to  navigation  in  the  comparatively  short  reach  of  restricted 
waterway  on  the  Lewiston  line,  it  appears  to  be  the  preferable  location  on  which 
to  constmct  a  ship  canal. 

The  Tanawanda-Olcott  route, — ^This  route  leaves  the  Niagara  River  at  the 
head  of  GTonawanda  Island,  with  an  elevation  of  565  feet  above  tide  water  at 
New  York  for  low  stage  of  the  river,  and  continues  at  that  level  13.2  miles  to 
the  head  of  the  escarpment  west  of  Lockport,  where  the  ridge  to  be  cut  through 
has  an  elevation  of  636  feet  above  tide  water,  or  71  feet  above  the  water  surface 
in  the  canal.  From  the  top  of  the  escarpment  the  line  descends  to  Lake  Ontario, 
11.2  miles,  with  2  single  and  3  double  locks  of  4()  f(H;t  lift  each,  one  single  lock 
with  30.5  feet  lift,  and  3  double  locks  each  with  30  feet  lift. 

At  a  distance  about  1  mile  above  Lake  Ontario  the  line  enters  the  gorge  of 
Eighteen-mile  Creek  and  follows  it  to  the  lake. 

The  proposed  harbor  at  Olcott  consists  in  widening  Eighteen-mile  Greek  to 
the  width  of  400  feet  from  the  last  lock  of  the  canal  to  the  lake,  and  protecting 
the  entrance  by  breakwaters,  as  shown  on  the  maps.  The  lake  in  front  of  the 
canal  entrance  is  shallow,  with  a  shale  rock  bottom,  which  will  have  to  be 
excavated  for  a  width  of  600  feet  and  for  the  required  depth. 

Between  Niagara  River  and  the  escarpment  at  Lo<*kport  the  rock,  where 
above  bottom  grade  of  the  waterway,  Is  either  limestone  or  Nlaj?ara  shale, 
overlaid  with  silt,  sand,  gravel,  clay,  or  hardpan. 

From  the  head  of  the  escarpment  north,  the  excavation  will  be  through 
limestone,  sandstone  and  shale,  tmd  near  Lake  Ontario  through  soft  red  shale, 
overlaid  with  sand,  gravel,  clay,  or  hardpan. 

TjG  Salle-LetrMon  Route. — This  route  starts  in  Nla;;ani  River  at  tlie  same 
IKjint  as  tlie  Tonawanda-Olcott  route,  continues  down  the  river  to  the  head 
)f  Cajruga  Island,  and  thence  on  a  tangent  (canal)  with  a  low- water  level  of 
563.5  feet  to  the  escarpment  above  Lewiston.  From  the  top  of  the  escarpment 
the  route  passes  down  the  bluff  to  the  Niagara  about  one-half  mile  below  Lewis- 
ton,  with  six  double  locks  of  40  feet  lift  each  and  two  double  locks  of  39.4  feet 
lift  each.  The  fall  of  the  river  from  the  foot  of  Lock  No.  9  to  Lake  Ontario  (6 
mlleB)  is  about  0J2  feet. 

The  elevation  of  the  top  of  the  ridge  above  Lewiston  at  the  point  of  maxl> 
mum  cuttting  is  620  feet  above  tide  water  or  56.5  feet  above  the  proposed  low- 
water  surface  of  the  canal;  and  for  a  distance  of  6  miles  the  prism  of  the 
waterway  is  entbrely  in  rock. 

From  Tonawanda  to  La  Salle,  about  4  miles,  rock  composed  of  Salina  shales 
is  from  10  to  20  feet  below  river  level,  and  fnmi  La  Salle  to  the  escarpment 
above  Lewiston  (7.5  miles)  the  excavation  will  be  in  Niagara  limestone  over- 
laid with  clay,  sand,  and  gravel. 
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The  excavation  for  the  six  double  locks  down  the  escarpment  about  three- 
fourths  mile  will  be  through  limestone,  sandstone,  and  shales,  and  from  the 
foot  of  this  flight  to  Niagara  River,  shales  covered  with  sand,  gravel,  clay,  and 
bowlders. 

From  the  lower  end  of  the  canal  to  Lake  Ontario  (6  miles)  the  river  is  from 
50  feet  to  60  feet  deep  and  forms  one  of  the  finest  harbors  on  the  lakes.  The 
bar  in  Lake  Ontario  outside  of  the  entrance  to  the  river  has  a  depth  on  its  crest 
of  24  feet  at  standard  low  water,  and  is  composed  of  sand  and  gravel. 

Prison  dimensions, — From  a  careful  study  of  the  dimensions  of  the  St.  Glair 
Flats  Canal,  the  Suez  Canal,  the  Manchester  Canal,  the  Amsterdam  Canal, 
the  Kiel  Canala,  and  the  speed  which  steamships  can  maintain  in  these  respec- 
tive waterways,  it  is  the  opinion  of  the  board  that  the  cross  section  of  the 
canal  prism  should  be  made  such  that  a  speed  of  8  miles  per  hour  can  be  main- 
tained on  tangents  without  danger  to  passing  ships  or  damage  to  the  canal 
banks. 

Referring  to  the  discussion  of  the  speed  of  ships  in  the  proposed  deep  water- 
way, in  Appendix  No.  4,  it  will  be  noted  that  for  the  type  of  vessels  best 
adapted  for  the  economical  transportation  of  the  lake  trafllc  the  cross  section 
of  canal  prism  necessary  to  permit  a  speed  of  8  miles  per  hour  is  about  5,500 
square  feet  for  a  21-foot  waterway  and  8,000  square  feet  for  a  80-foot 
waterway.* 

The  dimensions  of  lock  structures  which  will  best  subserve  the  traffic  of  the 
waterway  and  the  design  of  the  lock  gates  best  adapted  for  operating  the  locks 
have  been  investigated  under  the  direction  of  the  board  by  specialists  in  such 
construction,  the  results  of  which  are  fully  discussed  in  Appendix  Nos.  1  and  2. 

The  single  locks,  which  have  been  designed  for  a  30-foot  waterway,  are  to  be 
740  feet  long,  80  feet  wide,  and  have  lifts  to  conform  with  the  present  de- 
velopment of  water  power  on  the  routes.  Where  flights  of  locks  are  necessary, 
a  duplicate  set  is  provided,  having  a  width  of  60  feet.  For  a  21-foot  waterway 
the  locks,  whether  single  or  double,  are  to  be  600  feet  long,  60  feet  wide,  and 
have  lifts  the  same  as  in  the  30-foot  waterway.  Consideration  has  been  given 
to  the  advisability  of  making  the  locks  of  the  21-foot  waterway  80  feet  wide,  for 
the  purpose  of  floating  large  ships,  light,  from  the  lake  shipyards  to  the  sea- 
board. 

Proposed  sfdp  canal. — In  this  report  the  matter  of  a  ship  canal 
between  Lake  Erie  and  Lake  Ontario  is  treated  at  considerable  length 
for  two  reasons:  First,  to  comply  with  instructions  contained  in 
department  letters  dated  August  4, 1916.  E.  D.  42608,  September  29^ 
1916,  E.  D.  101162,  and  April  28, 1917,  E.  D.  106256,  which  cover  the 
preliminary  examination  on  "  Waterway  or  ship  channel  along  the 
most  practicable  route  between  Lake  Erie  and  Lake  Ontario  of  suffi- 
cient capacity  to  admit  the  largest  vessels  now  in  use  on  the  Great 
Lakes,"  ordered  by  Congress  in  the  river  and  harbor  act  of  July  27,. 
1916,  which  examination  and  report  were  held  by  the  department  to 
be  superseded  by  and  included  m  the  investigation  reported  herein ; 
and  second,  to  comply  with  department  instructions  that  such  a. 
canal  should  be  treated  in  the  present  report  with  special  reference 
to  the  practicability  and  advisability  of  making  it  a  combined  power 
and  ship  canal. 

A  summary  of  the  estimates  prepared  is  given  in  section  (f )  of 
this  report,  where  the  project  is  described  in  considerable  detail  in 
connection  with  other  projects  for  the  development  of  water  power 
at  Niagara  Falls.  JFor  a  ship  canal  without  power  development  the 
estimated  costs  are  as  follows : 


»The  figures  show,  for  21-foot  channel:  Rock  section,  bottom  width  240  feet.  Sides 
slopes,  10  on  1,  area  5,040  square  feet.  Earth  section,  bottom  width  216  feet.  Side 
slopes,  1  on  2,  area  6,497  square  feet.  __  ^^         ^ 

For  30-foot  channel:  Rock  section,  bottom  width  260  feet.  Side  slopes,  10  on  i,- 
area  7,600  square  feet.  Earth  section,  bottom  width  208  feet.  Side  slopes  1  on  2;  tres. 
7.990  square  feet. 
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Prism. 


Locks. 


Cost. 


aoofeel  wide,  25  feet  deep 6£0feet  long,  70  feet  wide,  25  feet  deep. 

200  feet  wide,  30  feet  deep 800  feet  long,  80  feet  wide,  30  feet  deep. 


$120,000,000 

135,000,000 

300  feet  wide,  30  leet  deep ,  800  feet  long,  80  feet  wide,  30  feet  deep ;     156,652,000 


It  is  important  to  note  that  the  new  Welland  ship  canal,  only  a  few 
miles  distant,  which  is  now  partially  completed,  and  which  no  doubt 
will  be  opened  to  navigation  long  before  a  canal  in  the  United  States 
could  be  constructed,  will  be  able  to  care  for  all  the  traffic  likely  to" 
exist  between  Lake  Erie  and  Lake  Ontario  for  many  years  to  come, 
and  tliat  accordingly  there  is  no  necessity  for  an  additional  canal. 
Moreover  it  should  be  borne  in  mind  that  communication  between 
Lake  Ontario  and  the  seaboard  is  still  limited  by  the  St.  Lawrence 
canals  and  shallows  in  the  St.  Lawrence  Biver  described  previously. 

The  present  commerce  through  the  Welland  Canal  has  been  stated, 
and  also  that  through  the  St.  Marys  River.  A  comparison  shows 
how  very  small  a  part  of  the  Great  Lakes  commerce  now  uses 
the  Welland  route.  The  extensive  lake  freight  commerce  between 
the  terminal  harbors  on  Lakes  Superior,  Michigan,  and  Huron  to 
harbors  on  Lake  Erie  amounts,  so  far  as  determinable  from  the  com- 
mercial statistics  and  vessel  passages  through  the  St.  Marys  Falls 
canals  and  Detroit  River^  to  at  least  95  per  cent  of  the  total,  which 
aggregated  over  100,000,000  short  tons  in  1916,  leaving  not  over  5  per 
cent  for  the  Welland  Canal-Lake  Ontario  commerce.  The  latter 
commerce  is  represented  in  Table  No.  10,  compiled  from  the  report 
of  the  Department  of  Railways  and  Canals,  Canada,  for  the  season 
of  1914: 

Table  No.  10. — Freight  moved  through  WeUand  Canal,  19H, 

Tons. 

Affricultural  products 2, 116, 378 

Forest  prodticts 860,434 

Coal 949,  306 

Miscellaneoos 484,851 

3, 800, 969 

Through  freight  eastward 2,936,740 

CarHed  by  Canadian  vepsels 2,936,740 

East  and  west  to  United  States  ports 509,079 

Carried  bj'  United  States  vessels 788,359 

As  shown  by  the  above  tabulation,  the  freight  movement  is  prin- 
cipally through  freight  eastward.  It  consists  largely  of  grain  from 
upper  Lake  ports,  notably  Fort  William,  in  Canada,  on  Lake  Su- 
perior, and  from  Milwaukee  and  Chicago,  shipped  for  transfer  to  sea- 
going vessels  at  Montreal.  The  coal  shipment  is  from  United  States 
ports  on  Lake  Erie  to  Canada.  The  "  Torest-products  "  shipment  is 
lumber  from  upper  Lake  United  States  and  Oanadian  lumber  ports 
to  Lake  Ontario  and  St.  Lawrence  River  United  States  and  Canadian 
ports,  and  pulp  wood  and  wood  pulp  from  upper  Lake  ports  to 
United  States  ports  on  Lake  Ontario  and  from  the  lower  St.  Lawrence 
River  and  Saguenay  River  ports  to  United  States  ports  on  Lake 
Erie.  The  latter  and  general  merchandise  constitute  the  principal 
freight  movement  westward  through  the  Welland  Canal ;  but  it  is 
not  extensive,  and  is  necessarily  carried  on  by  Lake  vessels  of  not 
over  14-foot  draft  navigating  the  St.  Lawrence  River  Canals  as 
well  as  the  Welland. 
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It  will  be  noted  that  the  amount  of  freight  "east  and  west  to 
United  States  ports"  is  small — about  500,000  tons.  About  one- 
quarter  of  this  IS  grain  and  lumber  eastward  to  Oedensburg,  N.  Y., 
except  about  one-twentieth  to  Oswego,  N.  Y.,  ana  the  other  three- 
quarters  is  the  pulp  wood  above  mentioned  and  general  merchandise 
(railroad  freight)  from  Ogdensburg  westward  to  Chicago  and  Mil- 
waukee. The  railroad  freight  movement  (70,000  to  1(X),000  tons) 
was,  however,  discontinued  in  1915  on  the  abolishment  of  the  Riit- 
.  land  Railroad  line  of  freight  vessels. 

Theie  is  no  passenger  service  through  the  Welland  Canal,  and  the 
number  of  yachts  and  motor  boats  traversing  it  is  small.  The  United 
States  liglithouse  tender  for  the  tenth  district  and  the  United  States 
engineer  inspection  vessel,  Buffalo  district,  use  the  canal  for  several 
trips  per  year  to  and  from  Lake  Ontario. 

To  summarize,  the  present  commerce  between  Lakes  Erie  and  On- 
tario may  be  fairly  regarded  as  not  exceeding  4,000,000  freight  tons 
per  annum,  of  which  not  o^'er  10  per  cent  is  XJnited  States  commerce, 
coastwise  or  foreign. 

A  waterway  or  channel  to  admit  the  largest  vessels  now  in  use  on 
the  Great  Lakes  involves  the  dimension  of  depth  or  draft,  as  well 
as  of  length  and  breadth  over  all.  The  question  of  draft  involves 
vessels  about  as  represented  in  the  existing  lake  fleet  whose  possible 
load-draft  is  greater  than  21  feet.  The  percentage  of  such  vessels  in 
the  lake  fleet  of  about  700  large  vessels,  length  200  to  600  feet,  may 
be  fairly  approximated  as  follows  : 

Tx)ad  draft  20  to  21  feet,  10  per  cent. 

Load  draft  21  to  22  feet,  25  per  cent. 

Load  draft  23  feet,  11  per  cent. 

Load  draft  24  feet,  12  per  cent. 

These  percentages  are  derived  from  molded  depth  of  vessels  as 
given  in  the  official  register  of  vessels,  on  the  assumption  that  for 
vessels  of  the  general  lake  type,  the  molded  depth  is  practically 
equivalent  to  the  sum  of  the  draft  and  freeboard.  There  appear 
to  be  no  regulations  governing  the  amount  of  freeboard  required  on 
vessels  on  the  Great  Lakes,  out  considering  the  amount  required 
on  ocean-going  vessels  and  the  freeboard  oi  known  lake  vessels,  it 
has  been  assumed  that  such  vessels  with  a  molded  depth  of  28  feet 
or  less  should  have  6  feet  of  freeboard,  those  from  28  to  31  should 
have  7  feet,  and  those  greater  than  31  should  have  8  feet.  The  largest 
vessel  as  to  draft  is  therefore  taken  to  be  as  of  a  possible  24-n[>ot 
draft. 

It  is  to  be  noted,  however,  that  owing  to  existing  conditions  of 
channels  and  basins  on  the  Great  Lakes,  freight  tonnage  is  actually 
carried  in  vessels  as  indicated  by  the  classification  of  veasels  passing 
through  the  St.  Marys  Falls  Canals,  about  as  follows : 

Perof^nta^e  of 
Vessels,  net  registered  tonnage :  the  freight 

Under  1.000 1 

1,000  to  2,000 6 

2,000  to  3,000 9 

3,000  to  4,000 28 

4,000  to  5,000 27 

5,000  to  6,000 25 

6,000  and  over 4 

100 
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The  draft  of  vessels  of  2,000  tons  and  over,  carrying  84  per  cent 
of  the  freight  was  18  to  21  feet,  and  those  vessels  are  comprised  in 
the  class  of  vessels  that  can  be  loaded  to  deeper  draft  as  noted  in 
the  table  above.  They  carry  nearly  all  of  the  bulk  freight,  while 
the  remainder  thereof  and  the  merchandise  freight  is  carried  in 
package  freighters  and  smaller  vessels  whose  draft  can  not  be  eco- 
nomically increased. 

The  question  of  length  and  breadth  over  all  is  taken  as  that  of  the 
largest  lake  freight  vessel,  viz,  length  625  feet  and  breadth  64.2  feet, 
which  excludes  only  a  few  side-wheel  passenger  steamers  of  breadth 
up  to  the  maximum  of  100  feet  over  guards.  Of  a  total  of  150  ves- 
sels over  500  feet  long  and  over  50  feet  beam  over  all,  there  were,  in 
1916,  34  vessels  600  to  625  feet  in  length  and  58  to  64.2  feet  in 
breadth. 

For  further  treatment  of  the  LaSalle-Lewiston  Ship  Canal,  and 
consideration  of  correlative  power  development,  reference  is  made 
to  section  (f )  of  this  report. 

9.  PROPOSED  CANAI^,  LAKE  ONTARIO  TO  HUDSON  RIVER. 

Four  water  routes  from  Lake  Ontario  to  the  sea  have  in  the  past 
received  consideration.  One  of  these  is  the  natural  route  by  way  of 
the  St.  Lawrence  Kiver.  The  other  three  are  by  way  of  the  Hudson 
River,  which  is  reached  in  one  case  by  way  oi  the  St.  Lawrence  to 
Lake  St.  Louis,  artifical  canal  from  there  to  Richelieu  Biver,  up 
Sichelieu  Siver  to  Lake  Champlain,  and  on  to  the  Hudson  by  Lake 
C'hamplain  and  an  artificial  canal;  in  another  case  by  the  St.  Law- 
rence to  Lake  St.  Francis,  then  by  artificial  canal  to  Lake  Champlain, 
and  on  to  the  Hudson  as  before;  and  in  the  third  case  by  way  of  the 
Oswego,  Oneida  and  Mohawk  llivers.  Only  the  last  route  lies  en- 
tirely in  United  States  territory.  All  four  routes  are  described  in 
the  report  of  the  United  States  Deep  Waterways  Commission  pub- 
lished in  1897  as  House  of  Bepresentatives  Document  No.  192  (54th 
Cong.,  2d  sess.)  and  are  shown  in  plate  2  of  that  report  which  is  here 
reproduced  on  plate  No.  12. 

The  route  from  the  ocean  to  Lake  Ontario  by  waj  of  the  Hudson 
River,  Mohawk  Biver,  Oneida  Lake,  and  Oswego  River  is  one  of  the 
early  water  routes  that  has  been  used  since  the  first  settiements.  It 
formed  the  usual  connection  between  New  York  and  the  Lakes  before 
the  land  route  by  way  of  Rochester  and  Buffalo  was  developed.  A 
proposal  to  improve  it  by  locks  at  Little  Falls  was  made  by  the 
royal  Governor  of  New  York  in  1768.  In  1791  the  first  surveys  for 
iinproving  this  route  were  made  and  some  work  was  done  on  the 
eastern  part  during  the  following  years.  During  the  construction 
of  the  Erie  Canal  there  was  much  agitation  in  favor  of  connecting  it 
with  Lake  Ontario  by  means  of  the  Oswego  River.  This  was  finally 
successful,  and  in  1829  the  ^'  Osw^o  CansS ''  was  opened.  Since  that 
time  it  has  formed  part  of  the  New  York  State  canal  system. 

The  Deep  Waterways  Board  considered  two  routes  from  Lake  On- 
tario to  the  sea,  one  by  way  of  the  St.  Lawrence  River  to  Lake  St. 
Francis,  Lake  St.  Francis  to  Lake  Champlain  by  artificial  canal,  and 
on  down  Lake  Champlain  and  the  Hudson  River ;  the  other  by  the 
Oswego,  the  Mohawk  and  the  Hudson  Rivers.  It  recommended  the 
latter  as  the  more  desirable.    The  length  of  this  route  from  Lake 
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Ontario  at  Oswego  to  the  Hudson  River  at  the  mouth  of  Normans 
Kill  is  172.9  miles.  The  line  starts  li  miles  west  of  the  mouth  of  the 
Oswego  River  and  runs  south  about  6  miles  to  lock  No.  4,  where  it 
enters  the  river.  It  follows  the  river  5  miles  to  lock  No.  6,  and  then 
goes  across  the  divide  15  miles  to  Oneida  Lake.  After  traversing 
the  length  of  the  lake,  21  miles,  it  follows  the  line  of  Wood  Creek  to 
Rome,  a  distance  of  13  miles.  Thence  it  continues  89  miles  down 
the  Mohawk  River  to  a  point  just  above  Schenectady,  where  the  line 
leaves  the  Mohawk  and  cuts  across  the  divide,  a  distance  of  11  miles 
to  Normans  Kill  and  follows  the  kill  for  13  miles  to  the  Hudson 
River.  The  standard  sections  in  rock  are  240  feet  wide  for  the  21-foot 
channel  and  250  feet  for  the  30- foot.  The  standard  earth  section  has 
side  slopes  of  2  horizontal  to  1  vertical,  with  berms  10  feet  wide 
situated  5  feet  above  and  5  feet  below  the  water  surface.  There  is 
slope  paving  between  the  berms.  The  bottom  width  is  215  feet  for 
the  21-foot  channel  and  203  feet  for  the  30-foot.  In  Oneida  Lake 
the  width  is  600  feet  and  in  the  Mohawk  River  below  Herkimer  it 
varies  from  203  to  460  feet. 

There  are  29  locks,  the  lift  of  each  varying  from  3  to  42.8  feet  at 
low  water.  The  total  lockage  is  512.6  feet.  Fourteen  of  these  locks 
are  arranged  in  five  flights  of  2,  2,  2,  8,  and  5  locks,  respectively. 
These  locks  are  all  double,  the  otfiers  are  single.  For  the  21-foot 
channel  all  locks  are  600  feet  long  and  60  feet  wide.  For  the  30-foot 
channel  they  are  740  feet  long,  the  width  bein^  80  feet  for  single 
locks,  and  80  feet  and  60  feet,  respectively,  for  me  two  chambers  of 
double  locks. 

There  is  a  summit  level  with  a  length  of  72  miles  extending  from 
Lock  No.  7,  west  of  Brewerton  eastward  to  Lock  No.  8,  near  Frank- 
fort, including  Oneida  Lake,  which  is  used  as  a  reservoir.  Some 
difficulty  was  encountered  in  finding  a  sufficient  water  supply  for 
this  summit  level,  but  it  was  finally  obtained  by  diverting  part  of 
the  Salmon  River  through  a  feeder.  It  was  estimated  that  the  sum- 
mit level  would  require  a  supply  of  about  1,100  cubic  feet  per  second, 
of  which  about  two-thirds  would  be  water  which  woula  normally 
flow  into  Lake  Ontario.  As  this  water  would  eventually  be  divided 
about  equally  between  the  canal  east  and  west  of  the  summit,  it 
foUows  that  some  water  would  be  permanently  diverted  from  the 
Great  Lakes  drainage.  The  route  through  the  Mohawk  Valley  be- 
low Frankfort  is  of  the  slack  water  type,  to  be  maintained  by  8  large 
dams. 

These  plans  were  very  carefully  worked  out  by  the  Deep  Water- 
ways Board  and  were  based  on  extensive  and  carefully  executed 
surveys  and  studies.  The  building  of  the  New  York  State  Barge 
Canai  system  along  this  route  has  made  the  construction  of  this 
ship  canal  as  planned  impossible,  and  has  rendered  very  difficult 
the  proposition  of  providing  any  ship  canal  along  this  route,  especi- 
ally in  respect  to  providing  an  adequate  water  supply  for  the  sum- 
mit level. 

10.   OTHER  PRESENT  OR  PROPOSED   CANALS  DIVERTING   WATER  FROM  THE 

GREAT  LAKES  OR  THEIR  TRIBUTARIES. 

The  Fox  River  CancH, — ^This  is  a  canal  in  Wisconsin  between  the 
Fox  River,  a  tributary  of  Lake  Michigan,  and  the  Wisconsin  Eiver, 
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a  tributary  of  the  Mississippi.  It  is  2  miles  long  and  affords  a 
passage  for  boats  137  feet  lon^34  feet  wide,  with  a  draft  of  8  feet. 
The  attempt  to  maintain  the  Wisconsin  as  a  navigable  stream  was 
abandoned  in  1887,  and  the  traffic  through  the  canal  is  very  small. 
In  the  improved  Fox  Siver  there  is  slack  water  navigation  with  a 
draft  of  6  feet,  except  for  shoaling,  from  Green  Bay  to  Montello 
and  of  4  feet  from  there  to  the  canaL  The  canal  is  supplied  with 
water  from  the  Wisconsin  Kiver,  which  is  about  5  feet  nigher  than 
the  Fox ;  hence  there  is  no  diversion  of  water  from  the  Great  Liakes 
system  by  the  canal ;  on  the  contrary,  a  very  smaU  addition  of  water 
is  received  from  the  Mississippi  system.  The  work  of  improving 
this  waterway  from  Lake  Micmgan  to  the  Mississippi  was  under- 
taken in  1846  by  the  State  of  Wisconsin,  which  was  assisted  by  a 
grant  from  the  National  Government  of  691,200  acres  of  land  lying 
along  the  route.  In  1853  the  land  and  works  were  sold  to  an  im- 
provement company,  and  in  1872  the  Federal  Government  assumed 
control  of  the  waterway  by  purchase. 

The  Trent  Canal. — ^This  is  the  name  applied  to  a  series  of  natural 
and  artificial  waterways  from  Trenton,  Ontario^  at  the  mouth  of  the 
Trent  Kiver^  on  the  Bay  of  Quinte,  Lake  Ontario,  to  Honey  Harbor, 
about  10  miles  north  of  Midland,  on  Georgian  Bay,  Lake  Huron. 
This  chain  of  lakes  and  rivei-s  does  not,  in  its  present  condition,  form 
a  connected  route  for  navigation,  though  various  parts  have  a  con- 
siderable local  use.    By  works  now  building  this  will  become  a 
through  route  from  Lake  Ontario  to  Lake  Huron.    The  route  lies  in 
the  Trent  River,  Rice  Lake,  and  Otonabee  River,  and  Clear,  Stony, 
Lovesick,  Deer,  Buckhom,  Chemong,  Pigeon,  Sturgeon,  and  Cameron 
Lakes  to  Lake  Balsam,  which  is  the  summit  level,  and  from  Lake 
Balsam  by  a  canal  and  the  Talbot  River  to  Lake  Simcoe.    From 
Lake  Simcoe  the  route  is  through  Lake  Couchiching  and  down  the 
Severn  River  to  Gloucester  Pool,  leaving  Gloucester  Pool  by  the 
Go-Home  Lakes  and  South  Honey  Harbor  and  entering  Georgian 
Bay  at  Skylark  Rock  between  the  islands  of  Beausoleil  and  Minni- 
coganashene.    Another  passage  between  Gloucester  Pool  and  Geor- 
gian Bay  is  provided  by  a  small  lock  at  Port  Severn.    A  branch  of 
the  main  route  extends  from  Sturgeon  Lake  south  along  the  Scugog 
River  to  the  town  of  Lindsay,  and  thence  through  Lake  Scugog  to 
Port  Perry.    The  total  length  of  the  main  route  is  245  miles,  and  of 
the  Scugog  Branch  30  miks.    Another  branch  along  the  Holland 
River  from  Lake  Simcoe  to  Newmarket,  a  distance  of  12  miles, 
formed  part  of  the  original  plan,  but  work  on  it  was  discontinued  in 
1911.    There  are  46  locks  on  the  main  route  and  one  at  Lindsay  on 
the  Scugog  branch  and  a  small  one  at  Port  Severn.    Two  of  these 
locks  are  of  the  very  unusual  "  hydraulic  lift "  type,  the  one  at  Peter- 
borough being  noted  for  its  great  lift  of  65  feet. 

The  18  locks  between  Lake  Ontario  and  Rice  Lake  are  175  feet 
long,  33  feet  wide  (available  dimensions  150  by  30  feet)  and  have  a 
depth  of  8  feet  4  inches  on  the  sills.  The  depth  in  the  canal  reaches 
is  9  feet.  This  work  is  not  ^et  completed  and  only  a  portion  of  the 
route  is  navigable.  From  River  Lake  to  Lake  Couchiching  the  limit- 
ing dimensions  of  the  locks  are  134  feet  hj  33  feet  (available  110  feet 
by  30  feet)  with  depths  of  6  feet  on  the  sills.  This  section  is  open  to 
navigation  with  a  limiting  depth  of  6  feet.    The  Scugog  branch 
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also  is  open  to  6- foot  navigation.  Its  lock  is  142  by  33  feet.  Xhe 
section  from  Lake  Couchicning  to  Georgian  Bay  is  under  construc- 
tion. The  locks  are  said  to  be  "  large,"  probably  the  same  as  on  the 
Bice  Lake  division,  and  have  a  depth  of  8  feet  4  inches  on  the  sills. 
The  lock  at  Port  Severn  is  100  feet  by  25  feet  with  6-foot  depth. 

The  summit  level  at  Balsam  Lake  has  a  low-water  elevation  of  840 
which  is  597  feet  above  Lake  Ontario  and  262  above  Lake  Huron. 
Nothing  is  known  about  the  water  supply  to  this  summit  level.  It 
probably  amounts  to  onl^  a  few  hundred  cubic  feet  per  second. 
Presumably  part  of  this  is  diverted  from  the  Huron  watershed,  to 
the  Ontario  or  vice  cersa,  thus  decreasing  or  increasing  the  flow  of  the 
St.  Clair,  Detroit,  and  Niagara  Rivers  by  a  trifling  amount.  The 
matter  is  of  no  practical  importance  in  any  study  of  lake  levels  or 
allied  subjects. 

This  canal  was  begun  by  the  British  Government  in  1837,  but  work 
was  soon  suspended.  At  various  times  since  then  local  improvements 
have  been  made.  In  1907  the  project  from  the  Bay  of  Quinte  to  Rice 
Lake  was  adopted  by  the  Dominion  Government  and  construction 
was  started  in  the  same  year.  The  cost  of  construction  up  to  March 
31, 1916,  was  $15,626,295.  In  1914  the  vessel  passages  were  3,647  and 
the  tons  of  freight  carried  were  67,715.  In  1915  the  figures  were 
3,433  and  49,904,  respectively. 

Ths  Ridecm  Canal. — ^The  Rideau  Canal  or  "  Rideau  navigation  " 
connects  the  Ottawa  River  at  Ottawa,  Ontario,  with  the  eastern 
end  of  Lake  Ontario  at  Kingston,  Ontario,  by  means  of  a  chain  of 
rivers,  lakes,  and  canals  126^  miles  in  length.     From  Ottawa  the 
route  ascends  the  Rideau  River  63  miles  to  Rideau  Lake,  passing 
by  a  lock  at  the  narrows  into  Upper  Rideau  Lake,  which  forms 
the  summit  level.     It  then  descends  through  Mud,  Clear,  Indian, 
Mosquito,  Opinicon,  Sand,  Whitefish  and  Uranberry  Lakes  to  the 
Cataraqui  River  and  29  miles  down  this  river  to  Kingston.    There 
is  a  branch  line  7  miles  from  Beveridges  Bay  on  Rideau  Lake,  to 
the  town  of  Perth.     From  Ottawa  to  the  summit  level  there  are 
53  locks  with  a  total  rise  of  292J  feet.     From  the  summit  to  Kings- 
ton there  are  14  locks  with  a  total  fall  of  165^  feet.     The  low- 
water  elevations   are:    Ottawa   River  at  Ottawa,   127.4;   Summit 
level.  Upper  Rideau  Lake,  408;  Lake  Ontario  at  Kingston,  243. 
On  the  J?erth  branch  there  are  two  locks  with  a  total  lift  of  26 
feet.    The  locks  are  134  feet  long,  33  feet  wide,  with  a  depth  of 
5  feet  on  the  sills.    The  canal  sections  have  a  navigable  depth  of 
5  feet.    The  bottom  width  is  54  feet  in  rock  and  60  feet  in  earth. 
The  total  cost  of  this  canal  up  to  March  31,  1916,  was  $4,657,668. 
In  1914  the  number  of  vessel  passages  was  2,635  and  the  tons  of 
freight  carried  were  151,739.    In  1915  the  figures  were  2,076  pas- 
sages and  120,781  tons.    The  water  supply  for  this  canal  comes 
from  the  Wolf  Lake  system,  the  Tag  River,  and  the  Mud  Lake 
system.    It  can  not  exceed  a  few  himdred  cubic  feet  per  second 
A  certain  amount  of  water  is  probably  diverted  from  the  Lake 
Ontario  drainage  to  the  Ottawa  or  vice  versa.    The  amount  is  so 
small  that  it  can  have  no  practical  effect  upon  the  hydraulic  prob- 
lems of  the  St.  Lawrence  Kiver. 

It  is  an  interesting  historical  point  that  this  canal  was  built  as 
a  military  measure.    During  the  War  of  1812  the  only  good  com- 
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munication  between  Montreal  and  Lake  Ontario  was  throiiph  the 
St.  Lawrence  River,  and  this  was  often  interrupted  by  the  ^Vmeri- 
eans  who  held  the  south  bank  of  that  river  for  about  100  miles. 
In  1815  a  captain  of  the  Royal  Engineers  I'ecommended  the  con- 
struction of  a  military  canal  by  the  Rideau  route  which  would 
avoid  this  difficulty.  "Construction  was  commenced  in  1826  and 
finished  in  1832.  The  canal  was  built  by  the  British,  not  the 
Canadian  Government,  under  the  supervision  of  the  Royal  Engi- 
neers, but  was  turned  over  to  the  Dominion  in  185G. 

Abandoned  New  York  State  canals. — ^Three  small  canals  in  New 
York  State  formerly  had  some  little  effect  upon  the  water  supply 
of  the  Great  Lakes.  These  were  the  Chenango,  Chemung,  an^ 
Genesee  Valley  Canals.  The  first  connected  the  Erie  Canal  at 
Utica  with  the  Susquehanna  River  at  Binghamton  with  a  length 
of  97  miles.  The  second  connected  Seneca  Lake  with  the  Chemung 
River,  a  branch  of  the  Susquehanna,  at  Elmira,  with  a  length  of 
23  miles.  The  third  connected  the  Erie  Canal  at  Rochester  with 
the  Allegheny  River  at  Olean  with  a  length  of  107  miles.  The 
canals  were  all  of  the  same  size.  Their  locks  were  90  feet  by  15 
feet  horizontally,  by  4  feet  depth;  the  canal  prism  was  26 "feet 
wide  on  the  bottom,  42  feet  on  the  water  surf  ace,  and  4  feet  deep ; 
they  accommodated  boats  of  75  tons  capacity.  These  canals  have 
all  been  abandoned.  Small  sections  which  serve  as  feeders  to  the 
present  New  York  State  canals  have  been  mentioned  previously  in 
this  report. 

Shenango  Canal, — ^The  construction  of  this  canal  was  authorized 
in  1836  and  completed  in  1844.  The  route  extended  from  the  city 
of  Erie,  on  Lake  Erie,  to  New  Castle,  on  the  Shenango  River,  where 
it  connected  with  the  Beaver  Canal,  extending  to  Beaver,  t'a.,  on  the 
Ohio  River.  Its  length  was  106  mUes,  of  which  96  miles  was  in 
artificial  canal  and  10  miles  was  slack  water  navigation  in  an  im- 
proved river.  The  entire  route  was  in  Pennsylvania.  The  canal 
was  30  feet  wide  on  the  bottom,  54  feet  on  the  water  surface,  and  4 
feet  deep.  It  had  112  locks  with  a  total  rise  and  fall  of  797^  feet. 
The  locks  were  80  feet  by  15  feet,  and  4  feet  deep.  The  canal 
afforded  navigation  for  boats  of  65  tons  cargo  capacity.  The  total 
cost  of  construction  was  over  $4XKK),000.  A  branch  canal  to  the  east 
connected  with  the  Allegheny  Kiver,  and  one  to  the  west  with  the 
Ohio  &  Erie  Canal.  The  Shenango  Canal  was  abandoned  in  1870. 
As  it  connected  the  Ohio  Basin  with  the  Great  Lakes,  it  must  have 
caused  some  slight  diversion  of  water  one  way  or  the  other. 

Ohio  <&  Erie  Canal, — ^This  canal  runs  from  Portsmouth,  on  the 
Ohio  Biver,  to  Cleveland,  on  Lake  Erie,  a  distance  of  309  miles. 
Construction  was  commenced  in  1825  and  finished  in  1833.  The 
prism  is  26  feet  wide  on  the  bottom,  and  40  feet  on  the  water  surface, 
and  the  depth  is  4  feet.  There  were  originally  161  locks,  with  a  total 
rise  and  fall  of  a  little  over  1,200  feet.  The  locks  were  90  feet  by 
15  feet,  and  4  feet  deep.  The  maximum  sized  boat  which  could  navi- 
gate the  canal  was  of  vO  tons  capacity.  The  cost  of  construction  was 
%ifi95^04:.  The  summit  level  diverted  a  small  amount  of  water 
from  the  Tuscarawas  River,  a  tributary  of  the  Ohio,  into  Lake  Erie. 

This  canal  has  been  abandoned. 

Miami  (6  Erie  CwnuL. — ^The  Miami  &  Erie  Canal  runs  from  Cin- 
cinnati, on  the  Ohio  River,  to  Toledo,  on  Lake  Erie,  by  way  of 
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Dayton  and  Defiance.  Its  length  is  244  miles.  It  was  commenced  in 
1825  and  completed  in  1845.  The  dimensions  of  locks  and  prism  on 
the  three  divisions  are  as  follows : 


DivisiaD. 


Ciiudimatl-Daytaii 
Davton-Deflanoe. . 
Doflanoe-Toledo. . . 


Width  at 
surface. 

Width  on 
bottom. 

Depth  of 
pnsm. 

Length 
of  lock. 

40 
60 
60 

26 
36 
46 

4 

5 
6 

87 

1 

90 

I 


Width  of 
lock. 


15 
15 
15 


I>epth 
sUI. 


I 


4 
5 
6 


There  are  105  locks,  and  the  total  rise  and  fall  is  907  feet.  The 
cost  of  construction  was  $5,920,200.  The  water  supply  for  the 
summit  level  was  obtained  chiefly  from  the  headwaters  of  the  Miami 
Kiver  and  a  small  quantity  was  probably  diverted  into  the  Missis- 
sippi basin. 

This  canal  has  been  abandoned. 

It  is  interesting  to  note  that  altogether  the  Federal  Government 
donated  to  the  State  of  Ohio  1,230,522  acres  of  land  in  aid  of  canal 
construction. 

Proposed  Lake  Erie  <&  Ohio  River  Canal. — ^This  is  a  proposed  barge 
canal  connecting  the  Ohio  River  at  the  mouth  of  the  Beaver  River  v^ith 
Lake  Erie  either  at  Indian  Creek  or  Ashtabula.   The  route  lies  partly 
in  Pennsylvania  and  partly  in  Ohio.    Surveys  for  such  a  canal  were 
made  in  1889  by  the  State  of  Pennsylvania,  in  1894  by  the  Pittsburgh 
Chamber  of  Commerce,  arid  in  1905  by  the  Merchants  and  Manufac- 
turers' Association  of  Pittsburgh.    As  a  result  of  this  last  investiga- 
tion the  Lake  Erie  &  Ohio  RiA-er  Ship  Canal  Co.  was  organized  to 
build  and  operate  the  waterway.    This  company  spent  ^0,000  for 
surveys  and  studies  and  reported  favorably  on  the  project,  but  owing 
to  the  financial  panic  of  1907,  was  unable  to  secure  the  funds  for  its 
construction.    In  1911  the  National  Waterways  Commission  studied 
the  project.    It  reported  the  project  both  feasible  and  desirable  and 
recommended  that  if  local  interests  would  build  the  canal  the  Fed- 
eral Government  should  construct  the  harbor  at  its  Lake  Erie  end  and 
deepen  the  Ohio  River  from  Beaver  River  to  Pittsburgh,    About  this 
time  the  Lake  Erie  A  Ohio  River  Canal  Association  was  formed  for 
the  purpose  of  constracting  the  canal  with  public  funds.    These  funds 
were  to  be  obtained  from  the  counties  bordering  on  the  canal  and  the 
waterways  connecting  with  it  and  from  the  States  of  Pennsylvania, 
Ohio,  and  West  Virginia  and  the  National  Government.    The  asso- 
ciation obtained  from  the  three  States  the  legislation  necessary  to 
enable  it  to  proceed.    The  project  was  interrupted  by  the  war,  and 
it  is  not  known  what  action,  if  any,  is  now  proposed. 

The  following  description  of  the  proposed  canal  is  taken  from  the 
1917  report  of  the  Lake  Erie  &  Ohio  River  Canal  Board  of  the  State 
of  Pennsylvania : 

The  route  of  the  canal  should  be  as  follows :  Beginning  at  the  mouth  of  the 
Beaver  River  in  the  State  of  Pennsylvania  and  running  thence  in  the  channel 
of  said  river  20.7  miles  to  the  Junction  of  the  Mahoning  and  Shenango  Rivers ; 
thence  in  the  channel  of  the  Mahoning  River  29.4  miles  to  Nilea,  Ohio,  with 
only  such  departures  from  said  river  channels  as  are  necessary  to  eliminate 
unnavigable  curves;  thence  following  generally  the  valley  of  Mosquito  Creek 
about  8.4  miles  to  a  point  in  Trumbull  County,  approximately  2.5  miles  south- 
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west  of  the  village  of  Oortland,  Ohio,  which  point  is  the  southerly  limit  of  the 
summit  level  of  the  proposed  canal ;  thence  in  a  course  almost  due  north  across 
said  summit  level  a  distance  of  27.8  miles  to  a  point  about  2  miles  east  of  Rock 
Creek,  Oliio,  which  point  is  the  northern  limit  of  the  summit  level ;  thence  by 
the  valleys  of  Grand  River  and  Indian  Greek  about  16.7  miles  to  a  point  at  or 
near  the  mouth  of  Indian  Creek,  on  Lake  Erie,  approximately  6^  miles  west  of 
Ashtabula,  making  the  total  length  of  the  route  lOli  miles. 

On  this  route  the  elevation  to  be  ascended  from  the  mouth  of  the  Beaver 
River  to  the  summit  level  is  282  feet  and  the  descent  from  the  summit  level  to 
the  lake  327  feet. 
The  number  of  locks  required  will  be  26,  with  lifts  of  from  10  to  30  feet 
The  canal  should  be  not  less  than  12  feet  deep,  with  locks  56  feet  in  width 
by  400  feet  in  length,  with  depth  of  12  feet  over  miter  sills.    The  bottom  width 
of  the  canal  should  be  not  less  than  140  feet  and  its  surface  not  less  than  188  feet. 
The  cost  of  this  canal  at  prices  prevailing  in  1914-15  is  estimated  to  be 
$65,000,000  and  its  capacity  88,000,000  tons  per  annum.    This  estimate  of  cost 
does  not  include  branches  to  New  Castle,  Pa.,  and  Warren,  Ohio,  each  of  which 
will  cost,  roughly,  $3,500,000. 

The  proposed  canal  connects  the  two  argest  inland  waterways  in  the  United 
States  and  traverses  a  district  through  which  there  is  a  tonnage  movement 
greater  than  that  of  any  other  district  of  equal  area  in  the  world. 

The  water  supply  for  the  summit  level  of  the  proposed  canal 
comes  from  the  headwaters  of  French  Creek,  Shenango  River,  and 
Mosquito  Creek,  tributaries  of  the  Ohio  Siver;  and  m>m  the  head 
waters  of  Mill  Creek  and  the  A^tabula  Kiver^  tributaries  of  Lake 
Erie.  The  total  supply  is  estimated  at  382  cubic  feet  per  second,  or 
667  cubic  feet  per  second  if  the  canal  be  provided  with  double  locks. 
As  this  small  amount  is  to  be  drawn  partly  from  the  Erie  draina^, 
but  largely  from  the  Ohio  drainage,  and  is  to  be  discharged  from  the 
summit  level  about  equally  in  each  direction,  it  is  evident  that  the 
resultant  effect  would  be  a  slight  additional  supplv  of  water  to  the 
Great  Lakes  system  rather  than  a  diversion  thereirom. 

Proposed  Lake  Erie-Lake  Michigan  Canal. — A  canal  to  connei^t 
the  southern  end  of  Lake  Michigan  with  the  western  end  of  Lake 
Erie  has  lately  been  proposed.  This  canal  would  shorten  the  water 
route  from  Chicago  to  the  East  by  about  400  miles.  In  1911  and 
1912  the  National  Waterways  Commission  investigated  this  route. 
It  recommended  that  a  ship  canal  should  not  be  considered,  but 
thought  that  a  barge  canal  along  this  route  might  be  justified,  and 
urged  that  the  Corps  of  Engineers  make  a  survey  and  careful  study 
of  a  barge-canal  project.  A  special  board  of  enmneer  officers  was 
appointed.  This  board  reported  in  1917  (see  H.  Doc.  No.  343,  65th 
Cong.,  1st  sess.).    The  essential  points  of  the  report  are  as  follows : 

Two  types  of  canal  are  discussed:  The  first,  a  ship  canal  with  a  depth  of 
24  feet;  the  second,  a  barge  canal  with  a  depth  not  to  exceetl  16  feet  The 
principal  argument  advanced  In  favor  of  the  former  is  that  a  ship  canal  would 
f)^  necessary  to  compete  with  tlie  Georgian  Bay  Ship  Canal,  which  is  contem- 
plated by  Canada,  and  that  it  would  allow  the  ordinary  lake  steamers  to  pass 
through  without  breaking  bulk.  In  support  of  the  barge  canal,  it  is  urged  that 
a  considerable  portion  of  the  traffic  of  the  canal  would  consist  of  through 
freight  between  Chicago  and  New  York,  and  that  the  dimensions  of  the  water- 
way need  not  be  materially  greater  than  those  of  the  New  York  State  Barge 
Canal.  The  only  advantage  a  ship  canal  would  offer  for  freight  between  Chi- 
cago and  New  York  would  be  the  saving  in  time  over  the  present  route  through 
the  Straits  of  Mackinac.  An  analysis  of  the  relative  time  of  the  route  by  the 
canal  and  by  tlie  Straits  of  Mackinac  indicates  a  saving  in  favor  of  the  canal 
for  a  lake  speed  of  less  than  11  miles  per  hour,  but  a  loss  if  the  lake  speed 
were  increased  to  11  miles  or  more.  Considering  the  relative  merits  of  the 
ship  and  barge  canals,  the  special  board  is  of  opinion  that  the  former  does  not 
offer  sufficient  advantages  to  Justify  its  selection. 
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The  dimensions  contemplated  for  the  barge  canal  conform  generally  to  tlioee 
of  the  New  York  State  canal,  and  for  the  channel  are:  Depth,  12  feet;  over- 
head clearance,  18  feet ;  bottom  width,  110  feet,  increasing  in  open  water  and 
at  bends;  and  for  the  locks,  width,  45  feet;  length  between  quoins,  338  feet. 
These  dimensions  are  considered  suitable  for  a  vessel  300  feet  long,  42  feet  beam, 
and  10  feet  draft. 

A  number  of  routes  were  covered  by  reconnaissance,  and  of  these  two  'were 
selected  for  survey.  Both  follow  the  Maumee  from  Toledo  to  Fort  Wayne, 
whence  there  is  a  northern  and  a  southern  route  to  Lake  Michigan.  The 
Maumee  River  is  canalized  by  locks  and  fixed  dams.  The  elevation  of  tlie 
pool  at  Fort  Wayne  is  740  feet  above  sea  level,  170  feet  above  Lake  Erie.  The 
length  of  this  section  is  100.5  miles. 

The  northern  route  is  through  Elkhart  and  South  Bend  to  Michigan  City. 
Its  summit  is  250  feet  above  Lake  Erie;  its  length,  60.7  miles,  and  it  has 
14  locks  and  7  guard  gates.  The  total  length  of  the  northern  route  from 
Toledo  to  Michigan  City  is  242.5  miles;  to  Calumet  Harbor,  275  miles;  and 
to  Chicago  Harbor,  280.5  miles.  The  total  lift  above  Lake  Erie  is  250  feet, 
and  above  Lake  Michigan,  241  feet,  and  there  are  23  locks  and  14  guard 
gates  on  the  entire  route. 

The  southern  route  is  by  way  of  Huntington  and  Rochester  to  the  neigh- 
borhood of  Gary,  thence  via  Calumet  River  and  Indiana  Harbor  to  Calumet 
Harbor.  Its  length  is  82.7  miles,  its  summit,  765  feet  above  sea  level,  and 
it  has  9  locks  and  10  guard  gates.  The  total  length  of  this  route  from  Toledo 
to  Calumet  Harbor  is  260.5  miles,  and  to  Chicago  Harbor,  281.5.  The  total 
lift  above  Lake  Erie  is  105  feet  and  above  Lake  Michigan,  186  feet,  and 
there  are  18  locks  and  17  guard  gates.  From  an  engineering  standpoint  either 
route  is  feasible,  but  there  are  fewer  difficulties  to  be  overcome  on  the 
northern  than  on  the  southern  route,  and  the  water  supply  system  of  the 
northern  route  is  superior.  Navigation  conditions  would  be  practically  the 
same  by  either  route.  A  larger  population  and  more  manufacturing  interc^sts 
would  be  served  by  the  northern  route,  and  for  various  reasons  given  the  speciul 
board  prefers  this  route. 

It  is  estimated  that  with  the  assistance  of  flash  boards,  reservoirs,  and 
steam  auxiliary  it  may  be  practicable  to  develop  a  daily  output  of  16,089  horse- 
power from  the  dams  of  the  Maumee,  provided  all  the  power  be  developed  as  a 
whole,  and  that  this  might  eventually  produce  a  revenue  of  $96,500. 

Estimates  of  cost  are  given  as  follows : 


Route. 


Northern. 
Southern. 


Single  locks. 


1135,078,248 
135,056,195 


Dbuble  locks. 


$147,012,764 
148,829,893 


These  figures  include  right  of  way,  water  power,  damages,  bridges,  and  termi- 
nals at  intermediate  points,  but  not  at  Toledo  and  Chicago.  Operation  and 
maintenance  for  the  northern  route  are  estimated  at  $2,026,173  for  single 
locks  and  $2,205,642  for  double  locks,  and,  for  the  southern  route,  $2,039^43  for 
single  locks  and  $2,232,447  for  double  locks. 

The  special  board's  analysis  of  traffic  possibilities  and  the  economic  aspect 
of  the  project  lead  to  the  conclusion  that  its  value  should  be  based  primarily 
on  its  use  as  a  part  of  a  through  waterway  between  the  Atlantic  seaboard 
and  the  region  of  the  Great  Lakes  and  Upper  Mississippi  Valley,  although  it 
might  reasonably  be  expected  that  it  would  confer  benefits  in  the  way  of 
local  traffic.  The  special  board  finds  that  so  far  as  cost  of  carriage  and  time 
of  transit  are  concerned  the  existing  through  water  route  from  Chicago  to 
New  York  via  the  Straits  of  Mackinac  is  preferable  to  the  proposed  water- 
way,  even  if  the  large  governmental  expenditure  be  not  considered.  It  is  of 
opinion  that  the  proposed  waterway  could  not  offer  rates  which  would  be 
economically  sound  and  at  the  same  time  sufficiently  low  to  attract  the  trafllc. 

Comparing  the  waterway  with  rail  the  special  board  finds  that  it  would  be  far 
more  expensive  than  a  railroad  of  equal  capacity,  and  that  it  would  have  the 
serious  disadvantage  of  being  closed  to  traffic  several  months  of  each  year 
by  ice.  The  special  board  is  of  opinion  that  as  a  general  principle  no  expendi- 
ture for  additional  transportation  facilities  is  warranted  if  equal  or  better 
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and  adequate  fadlitieB  already  exist  or  might  have  been  otherwise  provided  at 
less  cost,  and  in  the  present  case  the  existing  route  affords  a  means  of 
cheaper  transgportation  of  far  greater  capacity.  The  special  board  finds  that 
the  possible  returns  to  the  United  States  from  the  water  power  that  might  be 
developed  would  be  relatively  so  small  that  they  would  have  little  weight 
In  determining  the  advi8id)iUty  of  constructing  the  waterway.  In  conclusion 
the  i^>ecial  board  expresses  the  opinion  that  a  waterway  on  either  of  the 
proposed  routes  promises  no  advantages  over  present  means  of  transportation 
at  all  commensurate  with  its  cost  and  that  the  construction  of  such  a  water- 
way should  not  be  undertaken  by  the  United  States.  One  member  suggests 
farther  study  looking  toward  the  needs  of  the  future. 

The  required  water  supply  was  estimated  not  to  exceed  1^0  cubic 
feet  per  second  for  double  locks  and  maximum  traffic  possible.  This 
supply  would  come  mostly  from  the  tributaries  of  Lake  Michigan 
and  Lake  Erie  and  would  result  in  a  slight  transfer  of  water  from 
one  basin  to  the  other.  A  small  amount  would  probably  be  received 
from  the  tributaries  of  the  Mississippi  Kiver,  and  this  would  result 
in  a  gain  to  the  Great  Lakes  Basin.  The  water  supply  details  were 
not  workrt  out  fully. 

Proposed  Oeorgiam,  Bay  Ship  Gcmal. — ^The  Georgian  Bay  Ship 
Canal  project  is  a  very  large  and  ambitious  scheme.  The  route  by 
the  Ottawa  River  and  Lake  Nipissing  to  Georgian  Bay  was  first 
used  by  Champlain  in  1615.  For  two  centuries  thereafter  it  Was  an 
important  route  of  the  western  fur  trade.  The  improvement  of  navi- 
gation along  this  line  began  with  the  building  of  a  small  lock  at 
Vaudreuil  near  the  eastern  end  in  1816.  Two  Ottawa  River  canals, 
namely,  the  Carillon  and  Grenville,  and  the  Rideau  Canal  from 
Ottawa  to  Kingston  were  known  as  the  Military  Canal.  Construc- 
tion of  them  was  commenced  in  1827  and  finished  in  1833.  The  St. 
Aime  de  Bellevue  Lock  was  opened  in  1841.  Since  then  the  Ottawa 
locks  have  been  enlarged  at  various  times.  In  1894  the  Montreal, 
Ottawa  &  Georgian  avy  Canal  Co.  was  incorporated  to  build  a 
canal  with  a  depth  of  at  least  9  feet  from  Georgian  Bay  to  Montreal. 
Its  charter  as  amended  in  1908  provided  that  construction  should  be 
started  in  1910  and  completed  in  1916.  As  far  as  is  Imown,  no  work 
of  importance  has  been  done  by  this  company. 

In  1904  the  Dominion  parliament  appropriated  $250,000  for  mak- 
ing a  detailed  survey  of  this  route.  The  board  reported  in  1909 
that  the  canal  could  be  built  from  Montreal  Harbor  through  the 
Ottawa  River,  Mattawa  River,  Lake  Nipissing,  and  the  French  River 
to  French  River  Village,  on  Georgian  Bay  for  $100,000,000,  and  in 
10  years'  time.  Annual  maintenance  was  estimated  at  $900,000.  The 
canal  would  be  440  miles  long  and  would  be  large  enough  for  the 
largest  lake  freighters.  The  summit  level  was  to  ]^  at  elevation  677, 
which  is  659  feet  above  Montreal  harbor.  98  feet  above  Georgian 
Bay,  and  29  feet  above  Lake  Nipissing.  The  proposed  canal  has  23 
locks  east  of  the  summit  and  4  loc£  west,  27  locks  in  all.  The 
locks  are  650  feet  long  and  65  feet  wide,  with  22  feet  clear  depth  on 
the  sin.  In  the  river  sections  slack  water  is  secured  by  18  dams.  The 
route  has  28  miles  of  canal  with  a  bottom  width  of  200  feet,  66  miles 
of  dredged  channel  with  a  bottom  width  of  300  feet  and  346  miles  of 
river  and  lake  waterway  with  widths  varying  from  300  feet  up  to 
half  a  mile. 

The  water  supply  for  the  summit  level  is  all  obtained  from  streams 
naturally  tributary  to  the  Ottawa  River.    Hence  a  certain  amount  of 
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water  would  be  diverted  from  this  river  into  Georgian  Bay.  The 
effect  on  the  Great  Lakes  and  their  connecting  rivers  would  be_  in- 
significant, as  the  total  quantity  of  water  estimated  to  be  required 
by  the  summit  level  is  less  than  600  cubic  feet  per  second. 

For  several  years  after  this  report  was  published  there  was  much 
controversy  between  the  advocates  of  the  Georgian  Bay  Canal  and 
those  who  favored  enlarging  the  Welland  Canal.  Eventually  the 
Welland  Canal  was  preferrea,  and  it  is  understood  that  the  Georgian 
Bay  scheme  is  now  dormant  although  it  still  has  vigorous  supporters 
and  may  be  revived  at  any  time. 

W.  S.  Richmond. 

Section  B. 

DIVBUSIONS  FOR  SANITARY  PURPOSES. 

1.   CHICAGO  SANITART  CANAL. 

In  the  following  description  and  discussion  of  the  sanitary  features 
of  the  Chicago  Sanitarv  and  Ship  Canal,  and  allied  projects  of  the 
Sanitary  District  of  Chicago,  it  is  not  intended  to  repeat  anything 
already  set  down  in  Section  A  of  this  report,  where  the  navigation 
features  of  both  the  Chicago  Sanitary  Oanal  and  the  Illinois  and 
Michigan  Canal  are  treated,  but  only  to  elaborate  sufficiently  to  inake 
clear  the  sanitary  features.  Attention  is  invited  to  the  maps  given 
on  plates  4  and  5  and  to  photographs  Nos.  11  to  16. 

Geography  of  diMnct. — The  city  of  Chicago  is  situated  in  what 
geologists  call  the  "Chicago  Plain."  This  is  a  crescent-shaped  strip 
of  low  land  lying  alon;j  the  southwest  shore  of  Lake  Michigan, 
bounded  by  the  lake  and  by  a  range  of  low  hUls  called  the  "Val- 
paraiso morain."  The  plain  begins  at  Winnetka  on  the  north  and 
extends  along  the  south  shore  beyond  Gary.  Its  width  varies  from 
2  to  15  miles. 

Three  rivers — the  Des  Plaines,  the  Chicago,  and  the  Calumet — 
drain  the  Chicago  Plain.  The  Des  Plaines  Kiver  rises  in  the  State  of 
Wisconsin  and  runs  nearly  due  south,  parallel  with  the  lake  shore, 
and  generally  not  more  than  8  or  10  miles  from  it,  until  it  reaches 
a  point  about  13  miles  in  ji  southwest  direction  from  the  mouth  of 
the  Chicago  River.  Hero  is  a  slight  depression  a  mile  or  more  in 
width  extending  across  from  the  Des  Plaines  to  the  South  Branch 
of  Chicago  River  through  which  a  part  of  the  waters  of  the  Des 
Plaines,  in  time  of  flood,  formerly  were  discharged  into  Lake 
Michigan. 

There  is  little  doubt  that  through  this  depression  there  was  once 
an  outlet  from  the  Lakes  to  the  Mississippi,  which  was  closed  by 
the  recession  of  the  waters  of  the  lake.  JEven  now  the  surface  of 
Lake  Michigan  is  only  8  or  9  feet  below  this  summit.  The  Des 
Plaines  River,  from  the  depression  described,  changes  its  course  and 
runs  in  a  nearly  southwest  direction  until  it  joins  the  Kankakee, 
forming  the  Illinois  River.  Except  in  floods,  the  Des  Plaines  is  very 
shallow,  often  being  reduced  in  dry  seasons  to  a  mere  brook,  dis- 
charging less  than  17  cubic  feet  per  second.  The  valley,  however, 
averages  a  mile  wide  and  is  terminated  on  both  sides  by  well-marked 
terraces  which  become  higher  and  higher  as  they  approach  the  Illi- 
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nois.  There  is  much  evidence  that  the  water,  when  this  was  the  great 
outlet  of  the  lakes^  extended  from  bluff  to  bluff.  The  total  length 
of  the  Des  Plaines  is  about  105  miles. 

The  Chicago  River,  flowing  at  right  angles  to  the  lake  shore,  is 
only  about  1  mile  in  length.  It  is  formed  by  the  junction  of  the 
North  and  South  Branches.  The  North  Branch  rises  in  Lake  County 
and  has  a  len^h  of  about  27  miles,  roughly  parallel  to  the  lake  shore 
and  distant  &om  it  about  1  to  7  miles.  The  South  Branch  has  a 
length  of  about  4  miles  from  its  forks  to  the  junction  with  the  North 
Branch.  The  West  Fork  originally  flowed  from  Mud  Lake  near 
the  present  Kedzie  Avenue  bridge  and  extended  east  to  the  forks,  a 
distance  of  about  2^  miles.  The  South  Fork  is  about  1^  miles  long. 
Its  east  arm  and  west  arm  each  had  an  original  length  of  a  little 
over  1  mile. 

The  depression  lying  between  the  Des  Plaines  River  and  the  West 
Fork  of  the  Chicago  Kiver  was  formerly  occupied  by  a  swampy  pond 
or  chain  of  ponds.  The  early  French  traders  called  this  "  Le  I*etit 
Lac,"  while  the  English  name  was  "  Portage  Lake."  Later  the  name 
"  Mud  Lake  "  was  commonly  used.  The  lake  was  about  6  miles  long 
and  from  one- fourth  of  a  mile  to  1  mile  in  width.  It  extended  from 
Kedzie  Avenue  nearly  to  the  Des  Plaines  River.  In  very  dry  sum- 
mers it  wjis  reduced  to  a  mere  mud  liole.  Under  more  favorable  con- 
ditions the  water  was  several  feet  deep  and  discharged  into  either 
the  Chicago  or  Des  Plaines  Rivers.  An  early  trade  route  between 
Canada  and  the  Mississippi  Valley  ran  here  and  under  favorable  con- 
ditions boats  of  several  tons  burthen  could  be  floated  through.  At 
other  times  a  portage  of  from  1  to  4  miles  was  required.  During 
floods  of  the  Des  Plaines  a  large  amount  of  water  was  discharged 
through  Mud  Lake  and  the  Chicago  River  into  Lake  Michigan. 

In  1868  the  "Ogden  Ditch"  was  excavated  through  ISmid  Lake, 
and  six  years  later  the  "  Ogden  Dam  "  at  the  southwest  end  of  the 
ditch  was  built  to  keep  out  the  Des  Plaines  floods.  As  a  result  of 
this  construction  and  of  the  general  settlement  and  drainage  of  the 
surrounding  country,  Mud  Lake  gradually  disappeared.  All  that 
is  now  visible  on  its  former  site  is  the  Ogden  Ditch  and  the  upper 
reaches  of  the  West  Fork  of  Chicago  River  above  Kedzie  Avenue. 

The  Calumet  River  rises  in  Laporte  County,  Ind.,  and  flows  in  a 
westerly  direction,  nearly  parallel  to  the  shore  of  Lake  Michigan,  a 
distance  of  about  45  miles  to  a  suburb  known  as  Blue  Island.  Here 
it  turns  abruptly  and  takes  an  easterly  direction  parallel  to  its  pre- 
vious course  but  2  or  3  miles  farther  north.  It  finally  reaches  its 
natural  outlet  to  the  lake  after  doubling  on  itself  nearly  22  miles. 
To  distinguish  its  two  parallel  portions  the  southern  has  been  named 
the  "  Little  Calumet "  and  the  northern  the  "  Grand  Calumet." 

The  natural  outlet  mentioned  above  is  about  3^  miles  east  of  Gary. 
It  has  been  practically  closed  by  aquatic  growth  and  drifting  sand, 
and  the  river  now  discharges  into  Lake  Michigan  through  an  arti- 
ficial channel  passing  between  Calumet  Lake  and  Woli  Lake  and 
forming  the  harbor  of  South  Chicago.  It  connects  with  the  Calumet 
near  Iftgewisch.  This  channel  is  said  to  have  been  opened  by  the 
Indians  and  traders  about  1811.  It  has  subsequently  been  enlarged 
by  various  navigation  interests.  Since  1870  it  has  been  improved 
by  the  Government  and  now  affords  an  excellent  harbor  with  piers 
and  breakwater  affording  shelter  for  the  largest  lake  vessels. 
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From  the  extreme  westerly  point  of  the  Little  Calumet  River, 
south  of  Blue  Island,  another  depression  leads  west  to  the  Des 
Plaines  River.  This  is  called  "  The  Sag  "  and  is  very  similar  to  the 
one  described  above  between  the  Chicago  and  Des  Plaines.  The  Sag 
is  about  15  miles  long  and  rather  less  than  a  mile  wide.  Like  the 
northern  depression,  it  once  served  as  a  southerly  outlet  for  the 
waters  of  the  lake. 

Exploration  and  settlement — In  the  late  summer  of  1673  the  ex- 
ploring expedition  of  Louis  Joliet  and  Pere  Marquette  passed 
through  the  Chicago  portage  on  their  return  from  their  first  voyage 
to  the  Mississippi.  This  is  the  first  known  appearance  of  'white  men 
at  Chicago  and  the  first  use  by  white  men  of  the  Chicago-Des  Plaines 
portage.  The  further  use  or  the  portage  is  recounted  by  La  Salle, 
Tonty,  Joutel,  and  other  explorers  during  the  next  dozen  years. 
In  1697  Tonty  and  La  Forest  had  a  warehouse  and  trading  post  at 
*'  Chicagou  "  and  this  is  the  earliest  recorded  settlement  there.  A 
Jesuit,  F ather  Dablon,  made  an  official  report  in  1673  on  the  new 
discoveries  aroimd  the  western  lakes  and  the  Mississippi  Valley. 
In  this  he  proposed  the  excavation  of  a  ship  canal  connecting  Lake 
Michigan  and  the  Des  Plaines  River.  This  seems  to  have  been  the 
first  mention  of  an  idea  which  has  been  much  in  men's  minds  ever 
since  and  resulted,  after  the  lapse  of  two  and  a  quarter  centuries, 
in  the  construction  of  the  Chicago  Drainage  Canal. 

During  the  eighteenth  century  the  Chicago  route  was  much  used 
by  traders  and  travelers.  At  times  white  men  lived  at  the  lake  end, 
and  a  fort  built  there  by  the  French  was  garrisoned  for  awhile,  but 
no  permanent  settlement  seems  to  have  resulted.  In  1795  Gen.  An- 
thony Wayne  made  a  treaty  with  the  Indians  whereby  they  ceded 
to  the  United  States,  among  other  lands,  "  one  piece  of  land  6  miles 
square  at  the  mouth  of  the  Chicago  River,  emptying  into  the  south- 
west end  of  Lake  Michigan,  where  a  fort  formerly  stood."  This 
treaty  also  assured  the  United  States  the  free  use  of  the  Chicago- 
Des  Plaines  portage.  In  1803  Fort  Dearborn  was  built  and  gar- 
risoned. There  was  then  but  one  house  outside  of  the  fort.  In  1812 
there  were  five  houses,  but  at  the  outbreak  of  the  war  with  England 
the  fort  was  abandoned  and  neariv  all  of  the  garrison  and  settlers 
were  massacred  by  the  Indians.  The  fort  was  rebuilt  in  1816  and  a 
new  treaty  signed  by  which  the  Indians  gave  up  a  strip  of  land  10 
miles  wide  on  each  side  of  the  Chicago  River,  tne  portage,  and  the 
Des  Plaines  River. 

The  "  town  of  Chicago  "  was  platted  by  the  Commissioners  of  the 
Illinois  and  Michigan  Canal  in  1830.  It  contained  about  a  dozen 
houses  and  less  than  100  inhabitants.  Its  OTowth  was  slow  until 
the  close  of  the  Black  Hawk  War  in  1833.  \rhe  first  census,  taken 
in  1837,  showed  a  population  of  more  than  4,000.  Since  then  the 
growth  has  been  rapid  and  continuous,  with  an  average  yearly  incre- 
ment of  over  8  per  cent.  In  1918  the  population  of  the  city  of 
Chicago  was  estimated  at  2,575,000. 

Early  sanitary  conditions. — ^The  early  settlers  drew  their  water 
supply  from  shallow  wells  or  from  the  lake  shore.  In  the  thirties 
water  carts  did  a  big  business.  These  were  filled  at  the  shore  and 
peddled  water  from  house  to  house.  In  1836  the  Chicago  Hydraulic 
Co.  was  incorporated  for  the  purpose  of  furnishing  a  public  water 
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supply.  Its  water  works  system  went  into  operation  in  1842.  The 
intAe  was  about  500  feet  off  shore  and  water  was  pumped  by  steam 
power  and  distributed  through  wooden  pipes  to  the  South  Side  ajid 
part  of  the  West  Side  of  the  city.  The  North  Side  was  still  supplied 
from  wells  and  carts.  The  pumping  station  was  at  the  comer  of 
Lake  Street  and  Michigan  Avenue  and  the  intake  was  close  to  the 
mouth  of  the  Chicago  River.  The  river  served  as  a  sewer  for  a  large 
part  of  the  city  and  was  rapidly  becoming  very  foul.  By  1850  the 
water  supplied  by  the  hydraulic  company  was  intolerably  bad  and 
the  supply  was  quite  inadequate,  being  only  sufficient  for  about  one- 
fifth  of  the  city.    An  epidemic  of  cholera  occurred  in  this  year. 

In  1851  the  city  obtained  the  incorporation  of  the  City  Hydraulic 
Co.  It  bought  the  rights  and  franchise  of  the  older  company  and 
commenoed  pumping  in  1854.  The  intake  was  a  basin  on  the  lake 
shore  protected  by  a  breakwater.  It  was  situated  at  the  foot  of 
Chicago  Avenue,  about  3,000  feet  north  of  the  river.  For  several 
}ears  the  operation  of  the  new  works  was  uniform  and  satisfactory. 
Then,  as  tne  population  of  the  city  and  the  pollution  of  the  lake 
shore  and  river  increased,  the  quality  of  the  water  supply  again 
became  very  bad. 

Since  1860  the  history  of  the  Chicago  water  supply  shows  a  steady 
and  continuous  growth  combined  with  ever-renewed  efforts  to  get  a 
purer  supply  by  extending  the  intake. farther  into  the  lake  to  escape 
the  increasing  pollution  of  the  shore  waters.  In  1864  the  first  tun- 
nel was  built.  This  was  5  feet  in  diameter  and  2  miles  long,  and 
had  at  its  outer  ^id  an  intake  crib  reaching  above  the  lake  surface. 
The  building  of  new  tunnels  and  intakes  has  continued  at  intervals 
ever  since  until  now  there  are  no  less  than  seven  intake  cribs.  The 
newest  and  largest  is  nearly  4  miles  from  shore.  These  great  works 
have  cost  the  city  many  millions  of  dollars. 

In  its  youngest  days  the  city  was  quite  without  drains  or  sewers. 
As  the  population  increased,  drainage  and  sewage  was  allowed  to  run 
in  the  gutters  of  the  streets.  In  1849  the  city  commenced  a  compre- 
hensive system  of  planked  streets.  Some  of  these  were  cut  down  to 
a  very  low  grade,  m  order  that  the  street  might  drain  the  abutting 
property.  A  few  small  wooden  sewers  were  built,  chiefly  on  Clark, 
La  Salle,  and  Wells  Streeta  They  drained  into  the  river  and  ex- 
tended no  farther  south  than  Randolph  Street.  By  this  time  the 
population  had  reached  30,000  and  conditions  were  very  bad.  The 
following  extract  from  a  local  newspaper  in  the  summer  of  1850 
gives  a  picture  of  the  situation : 

The  wonder  is  not  Uiat  we  have  had  cholera  In  our  midst  for  two  seasons  in 
succession,  and  that  the  common  diseases  of  the  country  are  fatally  prevalent 
during  the  sunmier  months,  but  that  a  worse  plague  does  not  take  up  perma- 
nent residence  with  us.  Many  of  the  populous  localities  are  noisome  quag- 
mires, the  gutters  running  with  flith  at  which  the  very  swine  turn  up  their 
noses  in  supreme  disgust.  Even  some  portions  of  the  planked  streets,  say,  for 
instance,  Lake  between  Clark  and  La  Salle,  are  scarcely  in  better  sanitary 
condition  than  those  wtiich  are  not  planked.  The  gutters  at  the  crossings  are 
clogged  up,  leaving  standing  pools  of  indescribable  liquid,  there  to  salute  ttie 
noses  of  passers-by.  There  being  no  chance  to  drain  tiiem  properly,  the  water 
accumulates  under  the  planking,  into  which  flows  aU  manner  of  filth,  and 
during  the  hot  weather  of  the  last  few  weeks  the  whole  reeking  mass  of 
abominations  has  steamed  up  through  every  opening,  and  the  miasma  thus 
elaborated  has  been  wafted  into  the  neighboring  shops  and  dwellings  to  poison 
their  inmates. 
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In  the  next  few  years  much  was  done  toward  draining  the  swamps 
that  surrounded  the  city  and  some  40  or  60  square  miles  were  re- 
claimed, but  provision  for  city  sewage  removal  made  little  prog- 
ress.   In  1854  there  were  only  4J  miles  of  sewers  within  the  city. 
In  1855  a  board  of  sewer  commissioners  for  the  city  was  incorporated, 
which  prepared  a  plan  for  a  comprehensive  system  of  sewers  to  cover 
the  principal  portions  of  the  city.    The  Chicago  River,  with    its 
North  ana  South  branches,  naturally  divide  ^e  city  into   three 
drainage  districts.    The  new  sewers  of  the  west  and  north  districts 
were  to  drain  into  the  river,  while  those  of  the  south  district  drained 
about  half  into  the  river  and  half  directly  into  the  lake.     Work 
was  at  once  commenced  on  this  system.    From  this  time  on  the 
growth  of  the  sewerage  system  has  paralleled  the  growth  of  the  city. 
The  natural  iBow  of  the  Chicago  River,  except  at  flood  times,  is 
very  small.    As  the  city  grew  the  distilling  and  slaughtering  indus- 
tries became  very  important  and  discharged  vast  quantities  of  waste 
into  the  river,  which  already  received  the  drainage  of  a  rapidly 
growing  city.     By  1845  the  stream  had  become  terribly  offensive. 
The  east  and  west  arms  of  the  South  Branch  became  mere  stagnant, 
scum-covered  cesspools  or  septic  tanks  which  received  the  blood  and 
refuse  from  the  great  packing  plants.    The  other  parts  of  the  river 
were  nearly  as  bad.    Unsightly^  filthy  scum  floated  on  the  surface, 
foul  odors  from  the  surface  drifted  across  the  city,  and  deep  beds 
of  sludge  were  deposited  on  the  bottom,  to  the  obstruction  of  navi- 
gation.    Summer  thunderstorms  or  sudden  lowerings  of  the  lake 
occasionally  set  up  a  current  in  the  river  and  sent  some  of  its^  con- 
taminated waters  into  the  lake.    The  spring  freshets  of  the  Chicago 
and  Des  Plaines  flushed  out  the  whole  accumulation  of  poisonous 
sludge  and  scum,  and  only  too  often  drifted  them  toward  and  about 
the  waterworks  intakes. 

As  a  natural  result  of  these  conditions,  the  general  health  of  the 
community  was  very  poor  and  the  death  rate  from  all  diseases  was 
high.  AH  intestinal  and  water-borne  diseases  were  widespread  and 
typhoid  fever  was  endemic.  Several  severe  epidemics  of  water-borne 
diseases  occurred,  notably  those  of  Asiatic  cholera  in  1834  and  1849 
and  of  typhoid  in  1892. 

Early  sanitary  improvements. — The  opening  of  the  Illinois  and 
Michigan  Canal  in  1848  was  the  first  occurrence  that  tended  to  im- 
prove the  bad  condition  of  the  Chicago  River.  This  canal  had  a 
summit  level  about  8  feet  above  the  lake  which  received  part  of  its 
supply  by  pumpage  from  the  river.  The  pumps  were  located  at 
Bridgeport,  at  the  head  of  the  canal,  near  what  is  now  Ashland  Ave- 
nue. While  this  pumping  had  beeii  intended  only  to  supply  water 
for  the  navigation  of  the  canal,  it  was  soon  found  that  it  was  causing 
sufficient  current  in  the  South  Branch  to  perceptibly  cleanse  its 
waters.  This  led  to  an  arrangement  with  the  canal  commissioners 
in  1865  by  which  the  latter  agreed  to  pump  water  from  the  river 
at  certain  times  for  the  relief  of  the  city  from  the  serious  annoj^ances 
of  a  badly  contaminated  river.  The  pumping  was  chiefly  done  in  the 
summer  and  early  fall  when  the  river  conditions  were  at  their  worst. 
The  usual  rate  was  200  cubic  feet  per  second  or  a  little  less. 

In  1871  the  summit  level  of  the  canal  was  lowered  so  as  to  draw 
its  supply  directly  from  the  river.     It  was  hoped  that  this  would 
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result  in  the  establishment  of  a  permanent  flow  of  lake  water  through 

the  South  Branch  sufficient  to  keep  it  in  good  condition.     These 

hopes  were  not  realized.    The  volume  discharged  down  the  canal  was 

less  than  had  been  expected,  while  imder  certain  conditions  of  wind, 

rainfall,  and  lake  level  the  flow  toward  the  lake  was  reestablished. 

In  1879  there  was  a  lakeward  current  for  30  days  and  no  perceptible 

current  either  way  for  10  days.    The  mean  flow  was  less  than  300 

cubic  feet  per  second.    As  the  population  of  the  city  was  now  about 

half  a  million  and  the  greater  part  of  the  sewage  went  down  the 

canal,  its  pollution  was  very  great.    The  dilution  obtained  probably 

did  not  exceed  1  cubic  foot  per  second  for  each  thousand  inhabitants. 

The  canal  carried  a  disgusting  filthiness  and  an  overwhelming  odor 

throughout  its  whole  length. 

In  1881  the  protest  of  the  people  of  Joliet  and  other  parts  of  the 
Des  Plaines  and  Illinois  ValJeys  had  become  so  loud  that  the  State 
passed  a  resolution  requiring  Chicago  to  provide  a  flow  of  1,000  cubic 
feet  per  second  or  abandon  the  use  of  the  canal  for  sewage  dilution. 
In  compliance  with  these  resolutions  the  city  built  a  new  pumping 
station  of  the  reouired  capacity  at  Bridgeport,  together  with  a  lock 
to  prevent  back  now  from  the  canal  into  the  river.  Pumping  com- 
menced in  1883.  For  a  few  years  this  afforded  sufficient  dilution  in 
the  canal  and  there  were  no  more  complaints  from  the  valley.  Un- 
fortunately when  the  pumping  plant  was  installed  Lake  Michigan 
stood  at  a  very  high  sta^e  and  the  pumps  were  given  only  sufficient 
capacity  to  provide  the  legal  1,000  cubic  feet  per  second  under  these 
conditions.  In  1886  the  Take  level  began  to  fall,  and  continued  to 
do  so  until  in  1891  it  was  about  2  feet  lower  than  when  the  pumps 
were  installed.  Their  capacity  thereby  being  reduced  to  a  little  more 
than  600  cubic  feet  per  second.  As  the  growth  of  the  city  had  con- 
tinued at  its  usual  rate,  the  nuisance  along  the  canal  became  at  times 
as  bad  as  ever. 

For  many  years  the  North  Branch  of  the  Chicago  River  occasioned 
no  serious  trouble.  It  did  not  receive  a  great  deal  of  domestic  sew- 
age, and  most  of  the  slaughterhouses  were  on  the  other  branch.  By 
1870  the  northward  growth  of  the  city  and  the  discharge  of  the 
refuse  from  several  large  distilleries  into  the  North  Branch  had 
produced  a  serious  nuisance  there.  To  abate  this  the  Fullerton  Ave- 
nue conduit  was  constructed  and  put  in  operation  in  1880.  This 
was  a  12-foot  circular,  brick-lined  tunnel,  about  12,000  feet  long, 
extending  from  an  intake  in  the  lake  to  the  river,  along  the  line  of 
Fullerton  Avenue.  The  pumping  station  was  at  the  river  end  of 
the  conduit.  The  capacity  of  the  pumps  was  about  400  cubic  feet 
per  second.  The  usual  pmnpage  was  something  more  than  half  as 
much.  For  some  years  this  was  enough  to  keep  the  North  Branch 
in  reasonably  good  condition. 

Development  of  the  drainage-canal  plan. — Throughout  the  nine- 
teenth century  the  phenomenal  and  sustained  growth  of  Chicago 
continually  frustrated  all  attempted  solutions  of  its  sanitary  prob- 
lems. On  several  occasions  plans  were  adopted  which  were  expected 
to  cure  certain  evils,  and  before  a  decade  had  elapsed  after  their 
completion  the  growth  of  the  city  had  made  conditions  as  bad  as 
ever. 
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Much  was  done  by  the  Citizens'  Association  of  Chicago  betTreen 
the  years  1880  and  1889  in  creating  and  fostering  a  public  sentiment 
which  demanded  better  drainage  and  water  supply  for  the    city. 
Several  expert  examinations  were  made  by  the  association,  and  its 
reports  were  given  to  the  people  through  the  daily  papers  and  printed 
pamphlets.    These  investigations  and  the  resulting  discussions  led 
to  a  more  exact  and  complete  investigation  by  the  drainage  commis- 
sion under  the  authority  of  the  city.    In  1880  the  association  re- 
ferred the  question  of  main  drainage  to  a  committee,  with  a  request 
that  they  recommend  some  system  for  the  disposal  of  the  sevirage 
which  would  be  adequate  for  the  present  and  future  needs  of  the 
city.    In  its  final  report  the  committee  recommended  a  canal  from 
the  South  Branch  of  the  Chicago  River  to  the  Des  Planes  River  at 
Joliet.    A  drainage  district  was  to  be  formed  including  South  Chi- 
cago, Lake,  Cicero,  and  the  towns  of  the  North  Shore.    The  total 
cost  of  the  project  was  estimated  at  $12,000,000.    The  importance  of 
this  report  is  found  in  the  fact  that  it  suggested  the  idea  which 
developed  into  the  law  of  1889  creating  the  Sanitary  District  of 
Chicago  and  providing  for  the  drainage  canal. 

Prompted  dv  the  recommendations  of  the  Chicago  Citizens'  As- 
sociation and  the  urgent  appeals  of  the  press,  the  city  council  passed 
a  resolution  in  January,  1886,  authorizing  the  creation  of  a  drain- 
age and  water  supply  commission  of  three  members.  Mayor  Har- 
rison appointed  Rudolph  Hering,  Benezette  Williams,  and  Samuel  O. 
Artingstall.  A  preliminary  report  was  made  in  January,  1887,  but 
the  work  of  the  commission  was  not  finished,  as  the  city  council  was 
unwilling  to  provide  the  necessary  funds.  The  commission  recom- 
mended a  drainage  canal  system  very  similar  to  the  one  afterward 
constructed,  including  the  Calumet-Sag  branch.  The  system  also 
included  the  diversion  of  the  flood  waters  of  the  upper  Des  Plaines 
and  North  Branch  into  the  lake  by  a  canal  through  Bowmanville, 
some  distance  north  of  the  city. 

In  May,  1889,  after  two  and  a  half  years  of  investigation  and  de- 
bate the  State  legislature  passed  the  bill  creating  the  Sanitary  Dis- 
trict of  Chicago.  The  original  district  was  laid  out  with  an  area 
of  185  square  miles  and  included  a  number  of  municipalities  which 
were  later  annexed  in  large  part  to  the  city  of  Chicago.  The  project 
was  adopted  by  popular  vote  in  November,  1889,  and  trustees  were 
elected  the  following  month.  The  board  organized  January  12, 1890. 
The  Supreme  Court  of  Illinois  affirmed  the  validity  of  the  act  in 
June,  1890. 

The  North  Shore  was  annexed  by  the  act  of  1903,  thus  extending 
the  district  to  the  north  line  of  Cook  County.  It  comprised  the 
townships  of  Evanston,  Niles,  and  New  Trier  and  parts  of  three 
others,  an  area  of  78.6  square  miles  along  the  lake  shore  and  in  the 
Chicago  Eiver  basin,  the  drainage  problems  of  which  are  largely 
identified  with  those  of  the  original  district. 

The  Calumet  region,  also  annexed  by  the  act  of  1903,  covered  the 
urban  district  south  of  Eighty-seventh  Street  and  west  of  the  In- 
diana State  line.  It  comprised  that  part  of  Chicago  south  of 
Eighty-seventh  Street,  the  township  of  Calumet,  and  parts  of  thr^ 
other  townships,  an  area  of  94.6  square  miles,  wholly  in  the  Calumet 
Basin,  the  drainage  problems  oi  which  are  quite  independent  of 
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those  of  the  Chicago  Basin  but  are  complicated  with  those  of  the 
urban  district  of  the  Calumet  Basin  east  of  the  State  line  in  northern 
Indiana. 

With  the  annexed  territories,  the  Sanitary  District  of  Chicago 
covers  the  entire  water  front  of  Cook  County,  with  a  shore  line  of 
some  33  miles.  By  subsequent  annexation  of  districts  to  the  west,, 
its  total  area  has  been  increased  to  388.14  square  miles.  Its  esti- 
mated population  in  July,  1918,  was  2,764,000,  of  whom  164,000  live 
in  the  Calumet  subdivision.  The  inhabitants  of  the  Calumet  drain- 
age basin  in  the  State  of  Indiana  are  estimated  at  about  168,000. 

The  law  of  1889  constituted  the  sanitary  district  as  a  ^^  quasi- 
municipal  corporation"  for  the  purpose  of  disposing  of  the  drain- 
age and  sewage  of  the  communities  composing  tike  district.     It  is 
empowered  to  levy  taxes  within  the  district  and  issue  bonds  on  the 
district's  credit.    It  can  develop  and  sell  such  new  water  power  as 
its  sanitary  operations  render  available  and,  in  general,  do  all  things 
necessary  for  or  naturally  arising  from  its  main  purpose.    The  law 
prescribed  that  any  dramage  canal  constructed  must  have  a  flow 
of  at  least  3^  cubic  feet  per  second  for  each  thousand  persons  tribu- 
tary to  it,  and  must  be  '^  kept  and  maintained  of  such  size  and  in  such 
condition  that  the  water  thereof  shall  be  neither  offensive  or  in> 
jurious  to  the  health  of  any  of  the  people  of  this  State.''   Where  the 
canal  ran  through  rock  it  was  to  have  a  capacity  of  at  least  10,000 
cubic  feet  per  second,  and  in  earth  it  could  oe  oi  half  this  capacity 
with  provision  for  enlarging  to  10,000. 

Work  was  commenced  on  the  excavation  of  the  canal  in  1892  and 
on  the  collateral  improvement  of  the  Chicago  River  in  1896.  A  de- 
scription  of  the  canal  and  the  river  improvement  will  be  found  in 
Sections  A  and  C  of  this  report. 

An  intercepting  sewer  system  covering  the  lake  front  from  Eighty- 
seventh  Street  to  the  northern  city  limits  was  constructed  by  the 
aty  of  Chicago.  The  northern  division  discharges  through  a  16- 
foot  conduit  between  the  lake  and  the  North  Branch  at  Lawrence 
Avenue.  This  conduit  is  much  larger  than  would  be  required  for 
sewage  alone,  and  is  used  to  flush  the  North  Branch  by  pumping^ 
water  from  the  lake.  The  pumping  works  are  on  Lawrence  Avenue 
about  three-quarters  mile  irom  the  lake  shore.  Pumping  began  in 
1908.  In  1917  the  mean  pumpage  from  the  lake  was  169  cubic  feet 
per  second.  The  pumps  were  not  operated  to  pump  water  from  the 
lake  in  February  and  very  little  in  March,  presumably  because  the 
sprin^floods  flushed  the  North  Branch  sufficiently  without  artificial 
aid.  The  maximum  monthly  mean  pumpage  from  the  lake  was  314 
cubic  feet  per  second.  At  times  as  much  as  500  cubic  feet  per  second 
is  pumped  from  the  lake  for  a  few  hours.  The  capacity  of  the  pump- 
ing station  and  conduit  is  about  873  cubic  feet  per  second,  of  which  38 
is  mtended  for  the  dry-weather  sewage,  250  for  the  storm-water  flow^ 
and  the  remaining  585  for  lake  water. 

The  southern  mvision  of  the  intercepting  sewer  system  discharges 
through  a  20- foot  c<mduit  at  Thirtv-ninth  Street.  This  conduit  ex- 
tends from  the  lake  to  the  "Stocfcyard  Slip"  or  east  arm  of  the 
South  Fork.  A  pumping  station  on  the  lake  shore  at  Thirty-ninth 
Street  is  intended  to  pump  lake  water  through  this  conduit  to  flush 
the  South  Fork.    Pumping  began  in  1907.    In  1917  very  little  pump- 
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ing  of  lake  water  was  done ;  none  whatever  during  nine  months.  The 
monthly  mean  pumpage  during  each  of  the  other  three  months  was 
10,  134,  and  27  cubic  feet  per  second,  respectively.  The  capacity  of 
the  Thirty-ninth  Street  conduits  and  pumps  is  2,000  cubic  feet  per 
second.  Of  this  150  is  designed  to  handle  the  dry-weather  flowage, 
500  the  stonn  liow,  and  the  remaining  1,350  lake  water. 

The  North  Shore  Canal  extends  from  the  lake  shore  in  the  village 
of  Wilmette  to  the  North  Branch  at  Lawrence  Avenue,  and  is 
intended  to  provide  an  outlet  for  the  shore  towns  and  the  territory 
north  of  the  city  limits  and  to  furnish  additional  water  for  flushing 
the  North  Branch.  This  channel  is  26  feet  wide  on  the  bottom,  12 
feet  deep,  and  about  8^  miles  long,  and  is  operated  by  pumping  ivorks 
at  Wilmette.  It  was  opened  in  1910.  In  1917  the  mean  piunpage 
was  548  cubic  feet  per  second,  the  maximum  monthly  mean  being 
770  cubic  feet  per  second.  The  capacity  of  the  pumps  and  canal  is 
about  1,000  cubic  feet  per  second. 

The  part  of  the  Des  Plaines  River  paralleling  the  drainage  canal 
was  straightened  and  improved,  and  some  levees  were  built  on  the 
east  side  of  the  river.  A  spillway,  opened  in  1909,  leads  from  the 
river  to  the  canal  at  Willow  Springs.  As  a  result  of  these  changes 
the  spring  freshets  of  the  Des  Plaines  no  longer  discharge  into  Ogden 
Ditch  and  the  South  Branch  of  the  Chicago  Kiver. 

It  is  understood  that  the  Fullerton  Avenue  pumping  station,  which 
was  formerly  used  for  flushing  the  North  Branch  with  lake  water, 
is  no  longer  irf  use. 

The  yearly  mean  flow  of  the  drainage  canal  from  its  opening  to 
1917  as  reported  by  the  engineers  of  the  Sanitary  District  is  given  in 
Table  No.  11. 

Table  No.  11. — Yearly  mean  diversion  through  CfUoago  Sanitary  Canal  as  re- 
ported by  engineer  of  the  sanitary  district  in  cubic  feet  per  second. 


1900. 
1901. 
1902. 
1903. 
1904. 
1905. 
1906. 
1907. 
1908. 


2,900 
4,046 
4,902 
4,971 
4,793 
4,480 
4,473 
5,116 
4,421 


1909 2, 766 

1910 3, 458 

1911 6, 445 

1912 6, 424 

1913 7. 191 

1914 7, 105 

1915 6,  971 

1916 7, 325 

1917 7,  786 


These  figures  represent  the  flow  at  Lockport.  They  include  the 
natural  drainage  of  the  Chicago  Basin,  the  pumpage  of  the  three 
stations  described  above,  the  sewage  of  the  district,  and  occasional 
Des  Plaines  flood  water  entering  by  the  spillway  at  Willow  Springs. 
In  1917,  when  the  mean  flow  was  7,786  cubic  feet  per  second,  the 
maximum  flow  reported  was  17,500  and  the  minimum  2,150.  The 
maximum  daily  mean  flow  in  1917  was  9,891  cubic  feet  per  second 
and  the  minimum  daily  mean  5,184.  The  maximum  monthly  mean 
was  8,907  and  the  minimum  monthly  mean  6,916.  On  a  score  or  more 
of  days  between  April  and  November,  1917,  the  discharge  for  a  time 
ran  very  high,  the  highest  peak  reported  being  17,600  cubic  feet 
per  second  on  September  23.  The  explanation  for  these  high  dis- 
charge values,  as  given  by  the  chief  engineer,  is  that  repair  work  on 
the  walls  of  the  canal  necessitated  drawing  down  the  canal  level  oh 
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these  days,  and  this  could  be  accomplished  only  by  openinff^  the 
controlling  works  so  as  to  create  a  very  large  flow,  especially  as  Xake 
Michigan  stood  1  to  2  feet  above  datum. 

All  the  values  of  discharge  given  in  the  preceding  paragraph  are 
either  taken  direct  or  derived  from  figures  submitted  by  the  chief 
engineer  of  the  Sanitary  District.  It  is  believed  that  they  are  too 
small  by  5  to  12  per  cent  The  monthly  averages  of  reported  flow 
throiizh  the  main  canal  have  been  checked  apimst  the  flow  of  the 
Des  Flaines  River  at  Joliet  as  measured  by  the  United  States  Geo- 
logical Survey.  The  gauging  section  of  the  Geological  Survey  does 
not  include  the  flow  leaving  Joliet  in  the  Illinois  &  Michigan  Uanal, 
and  it  does  include  the  natural  flow  of  the  Des  Plaines  above  the 
mouth  of  the  drainage  canal.  These  quantities  have  been  measured 
separately  by  the  survey.  Adding  the  former  quantity  to  the  flow 
found  at  the  (i^auging  station  and  subtracting  the  latter  quantity, 
there  results  of  volume  of  flow  which  must  have  come  down  the  Main 
Drainage  Canal.  For  the  84  months,  March,  1915,  to  December,  1917, 
both  inclusive,  the  drainage  canal  discharge,  as  computed  from  the 
discharge  data  of  the  Geolo^cal  Survey,  averages  12  per  cent  greater 
than  as  reported  by  the  Samtary  District,  the  excess  for  the  month  of 
maximum  difference  being  19  per  cent  and  for  the  minimum  5  per 
cent  Such  measurements  by  the  Geological  Survey  are  usually  con- 
sidered reliable  within  2  or  3  per  cent,  with  5  per  cent  an  outside 
limit  The  values  given  by  the  Sanitary  District,  on  the  other  hand, 
are  obtained  by  computiiig  the  discharge  of  tumnes  at  the  power 
house  and  of  flow  over  spilRv'ays.  In  computing  turbine  discharge  the 
machine  efficiency  is  assumed  to  be  that  shown  by  a  new  model  wheel. 
Usually  turbines  deteriorate  with  age  and  their  efficiencies  become 
less,  so  that  they  consume  more  water  in  producing  a  given  amount 
of  power.  It  is  thought  that  proper  allowance  has  not  been  made 
for  this  factor.  It  is  also  believed  that  the  flow  over  the  wasteways 
is  somewhat  greater  than  as  given  by  the  formula  used. 

Another  reason  for  believing  the  Sanitary  District  fibres  too  small 
is  that  they  give  smaller  values  for  the  flow  on  certain  days  in  De- 
cember, 1913,  than  actual  measurements  by  the  United  States  Lake 
Survey.  A  perfectly  satisfactory  comparison  of  the  two  sets  of 
values  is  not  possible,  because  most  of  the  Lake  Survey  measure- 
ments were  taken  when  the  storage  in  the  canal  was  accumulating, 
so  that  the  flow  at  Lemont,  where  the  Lake  Survey  measurements 
were  taken,  was  larger  than  at  the  controlling  works,  7  miles  below. 
The  Lake  Survey  measurements  average  10  per  cent  larger  than  the 
sanitary  diatrict  figures.  On  the  day  when  measurements  were 
made  almost  continuously  for  24  hours  they  show  4}  per  cent 
larger. 

The  flow  in  the  lower  end  of  the  canal  always  varies  considerably 
during  the  day,  being  generally  small  during  the  daytime  and 
large  at  night.  The  flow  is  regulated  mostly  by  the  draft  of  water 
at  the  power  house,  which  carries  a  heavy  li&^nting  load  at  night. 
The  Saturday  and  Sunday  loads  do  not  diner  greatly  from  the 
loads  of  other  week  days. 

During  the  12  hours  or  more  that  the  heavy  night  load  is  on  the 
storage  m  the  canal  is  being  drawn  down  while  the  water  surface 
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profile  along  the  canal  gradually  approaches  its  new  position  of 
equilibrium.  This  equilibrium  requires  much  more  than  12  hours 
for  establishment,  and  it  therefore  happens  that  the  flow  into  the 
upper  end  of  the  canal  has  not  become  as  great  as  the  flow 
out  of  the  lower  end  at  daybreak  when  the  lighting  load  is  thrown 
off.  During  the  daytime  conditions  are  reversed,  and  the  inflow  is 
greater  than  the  outflow,  the  storage  being  built  up  slowly.  Be- 
cause of  this  fact  the  diversion  from  Lake  Michigan  is  never  quite 
as  large  as  the  maximum  figures  indicate,  but  the  monthly  and 
yearly  averages  are  practically  free  from  this  effect.  A  small  por- 
tion of  the  diversion  is,  of  course,  diverted  from  the  Chicago  River 
watershed,  and  so  is  withheld  from  Liake  Michigan  but  not  diverted 
therefrom.  In  times  of  greatest  storms  this  local  yield  probably 
equals  or  exceeds  10,000  cubic  feet  per  second. 

TJie  present  system. — By  the  construction  of  the  elaborate  drain- 
age system  described  above  the  poor  sanitary  conditions  of  a  half 
century  ago  have  largely  been  remedied.  All  the  important  sections 
of  the  river  receive  sufficient  lake  water  to  keep  up  a  continuous 
current  through  them.  Septic  action  no  longer  occurs  in  them  and 
no  serious  nuisance  exists.  The  city's  water  supply  comes  from 
intakes  well  out  in  the  lake,  and  under  ordinary  conoUtions  its  quality 
is  very  satisfactory.  The  improvement  in  sanitation  has  been  re- 
flectea  in  a  decrease  in  the  death  rate  of  the  city,  particularly,  of 
course,  in  deaths  from  water-borne  disease.  The  typhoid  rate  in 
1918  was  lower  than  in  anv  other  large  city  of  the  iTnited  States. 
Down  the  Des  Plaines  and  Illinois  Rivers  for  many  miles  the  sewage 
pollution  is  very  noticeable  and  often  offensive,  although  no  really 
serious  nuisance  appears  to  exist.  At  Ottawa,  for  example,  the 
river  is  dark  and  discolored  in  appearance,  and  a  stale,  strong  odor, 
arises  which  is  very  disagreeable  to  persons  along  the  shores  or  on 
the  river  in  boats,  and  is  plainly  noticeable  to  those  crossing  the  high- 
way  bridge  high  above  tne  water.  A  short  distance  from  the  river, 
however,  the  nostrils  do  not  detect  it.  All  fishes  and  aquatic  vege- 
table growths  have  disappeared  down  to  this  point  and  for  some 
distance  below.  Conditions  are  better  than  they  were  when,  in  times 
of  very  small  summer  flow,  these  streams  received  the  sewage  of 
Joliet,  Peoria,  and  other  cities.  In  the  lower  Illinois  River  the  carp 
fisheries  are  said  to  have  improved  since  the  canal  was  opened.  The 
water-power  industries  in  the  valley  have  been  much  benefited.  The 
damage  to  navigation  interests  in  the  Great  Lakes  system  is  discussed 
in  Sections  G  and  H  of  this  report. 

The  law  creating  the  sanitary  district  provided  that  where  sewage 
was  disposed  of  by  dilution  the  amount  of  water  supplied  should  be 
not  less  than  3^  cubic  feet  per  second  for  every  1,000  population 
served.  This  rate  has  not  been  maintained,  the  apparent  reason 
therefor  being  the  opposition  of  the  shipping  interests  and  the  War 
Department.  In  the  last  few  years  this  rate  has  been  reached,  or 
very  nearly  reached,  throughout  the  greater  part  of  July,  Augxist, 
and  September,  but  only  occasionally  during  the  winter  and  spring. 
It  is  the  general  opinion  of  sanitary  engineers  that  this  rate  of  3J 
cubic  feet  per  second  per  1,000  population  represents  the  lower  limit 
of  permissible  dilution  and  that  a  greater  amount  is  usually  needed 
to  give  satisfactory  results. 
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There  now  remain  only  two  things  that  threaten  the  purity  of  the 
Chicago  water  supply.  One  is  the  discharge  of  the  Calumet  Kiver  at 
South  Chicago.  This  carries  the  drainage  from  an  area  of  827  square 
miles  and  the  sewage  of  378,000  people.  Normally  the  lake  current 
at  the  point  of  discharge  sets  to  the  southeast  and  carries  the  pollu- 
tion away  from  the  Chicago  waterworks  intakes,  but  under  certain 
unusual  weather  conditions  the  current  is  reversed  and  the  water 
supply  to  the  more  southerly  intakes  may  be  poisoned.  The  other 
thing  is  the  occasional  restoration  of  the  old  eastward  flow  in  the 
Chicago  Biver,  due  to  sudden  intense  storms.  When  a  very  violent 
rainstorm  strikes  the  whole  Chicago  Basin  the  total  run-off  becomes 
very  nearly  10,000  cubic  feet  per  second,  and  possibly  more.  If  the 
canal  is  discharging  much  less  than  this  amount,  it  is  possible  that 
some  flow  into  the  lake  may  occur  before  the  discharge  of  the  canal 
can  be  increased  enough  to  carry  away  the  whole  storm  run-off.  If 
this  occurs  some  pollution  of  the  water  supply  may  result. 

The  Cdlumet'Sag  Vanal. — When  the  population  of  the  South  Chi- 
cago region  began  to  increase  rapidly,  it  became  evident  that  its  sew- 
age was  a  considerable  menace  to  the  Chicago  water  supply.    In 
1903  this  region  was  annexed  to  the  Sanitary  District.    Ite  popula- 
tion was  then  about  100,000.    Mr.  Rudolph  Hering,  a  well-known 
sanitary  engineer,  made  a  study  of  disposmg  of  its  sewage.    He  re- 
ported that  it  was  feasible  to  treat  the  sewage  oy  sprinkling  filters  and 
other  apparatus  so  that  there  would  be  practically  no  danger  of  in- 
iuring  the  Chicago  water.    He  recommended,  however,  that  disposal 
by  dilution  through  a  canal  nmning  from  the  Little  Calumet  River  to 
the  drainage  canal  was  cheaper  and  more  desirable.    The  proposed 
canal  was  to  run  from  the  mouth  of  Stony  Creek,  on  the  little  Calu- 
met River,  about  a  mile  and  a  half  east  of  Blue  Island,  to  a  point  on 
the  canal  about  3  miles  above  Lemont.     Its  length  would  be  about 
16  miles.    Its  discharge  capacity  was  planned  to  be  4,0(K)  cubic  feet 
per  second.    This  scheme  was  adopted  by  the  district,  except  that  the 
capacity  was  to  be  made  only  2,000  cubic  feet  per  second  at  first, 
and  later  enlarged  progressively  to  the  full  4,000  cubic  feet  per 
second  capacity.    As  first  constructed,  the  canal  was  to  be  20  feet 
deep,  60  feet  wide  in  rock,  and  86  feet  wide  at  the  bottom  in  earth, 
with  side  slopes  of  1  on  2  or  flatter.    When  enlarged  to  ultimate  ca- 
pacity it  was  to  be  22  feet  deep,  90  feet  wide  in  rook  cut,  and  70  feet 
wide  at  the  bottom  in  earth  cut,  with  side  slopes  of  3  on  5.    Construc- 
tion was  commenced  October  16,  1907,  but  was  soon  stopped  because 
of  opposition  by  the  War  Department.    On  March  23,  1908,  the 
United  States  brought  suit  to  restrain  the  Sanitary  District  from 
going  ahead  with  the  construction,  but  mainly  for  the  purpose  of  de- 
ternuning  in  the  courts  the  question  of  jurisdiction.    Little  or  no  prog- 
ress was  made  in  the  construction  until  the  Secretary  of  War,  on 
June  30,  1910,  granted  a  permit  to  complete  the  work  provided  the 

?uantity  of  water  diverted  from  Lake  Michigan  through  both  the 
!alumet  River  and  the  Chicago  River  together  should  not  exceed  the 
diversion  already  authorized  hj  the  Secretary  of  War  for  the  Chi- 
cago River,  namely,  250,000  cubic  feet  per  minute,  which  is  the  equiva- 
lent of  4,166|  cubic  feet  per  second.  Beginning  in  1911  the  work  was 
prosecuted  with  considerable  vigor  until  at  present  it  is  nearly  com- 
plete, though  not  in  use. 
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The  operation  of  this  canal  will  prevent  sewage  from  the  Calumet 
region  from  entering  the  lake  during  the  greater  part  of  the  year. 
During  the  spring  Freshets  and  during  heavy  summer  rains,  now- 
ever,  its  capacity  will  be  much  too  small  and  a  large  flow  into  the 
lake  must  result.  The  drainage  area  of  these  rivers  is  large  and 
flood  flow  is  much  greater  than  in  the  Chicago  River.  It  has  been 
estimated  that  the  maximum  flood  flow  of  the  Calumet  River  exceeds 
15,000  cubic  feet  per  second.  The  flow  exceeds  the  capacity  of  the 
Sag  Canal  many  times  each  year,  and  each  time  this  happens  there 
will  be  discharge  of  sewage  into  the  lake  at  South  Chicajgo,  unless 
provision  is  made  to  keep  all  sewage  out  of  the  Calumet.  The  situa- 
tion could  be  somewhat  relieved  by  opening  the  old  Grand  Calumet 
outlet  east  of  (lary  or  by  the  construction  of  a  new  artificial  outlet, 
but  this  would  be  but  a  partial  cure,  as  the  floods  of  the  Little  Calu- 
met alone  far  exceed  the  capacity  of  the  Sag  Canal.  Any  such  inter- 
ference with  the  Grand  Calumet  drainage  would  require  the  coopera- 
tion of  the  State  of  Indiana. 

The  ''St.  Louis-Chicago  lawsuit,^^ — On  the  very  day  that  the 
drainage  canal  was  opened  the  State  of  Missouri  brought  suit  to 
prevent  its  use.  This  suit  was  a  proceeding  in  equity  instituted  by 
the  State  of  Missouri  on  January  17,  1900,  against  the  State  of  Illi- 
nois and  the  Sanitary  District  of  Chicago,  praying  for  an  injunc- 
tion against  the  defendant  from  draining  into  the  Mississippi  River 
the  sewage  and  drainage  of  said  sanitery  district  by  way  of  the 
Chicago  Drainage  Canal  and  the  channels  of  the  Des  Plaines  and 
Illinois  Rivers.  Later  a  supplementary  bUl  was  filed  alleging  that 
since  the  original  bill  of  complaint  was  filed  the  canal  has  been 
opened  and  that  all  the  evil  effects  apprehended  have  been  produced 
by  it.  The  introduction  of  evidence  occupied  several  years.  A  very 
large  number  of  witnesses  were  examined,  including  many  of  the 
leading  physicians,  bacteriologists,  and  sanitary  engineers  of  the 
United  States.  The  expert  opinions  of  these  men  were  extraordina- 
rily divergent  and  in  many  cases  absolutely  contradictory.  Some 
claimed  that  the  operation  of  the  sanitary  canal  had  made  the 
St.  Louis  water  supply  dangerous  and  imsatisfactory,  while  others 
claimed  that  it  liad  improved  the  quality  and  safety  of  that  supply. 
The  case  was  argued  before  the  Supreme  Court  of  the  United  States 
in  October,  1905.  The  court  apparently  felt  that  real  damage  to 
the  St.  Louis  water  supply  was  not  definitely  proven,  for  on  Feb- 
ruary 19,  190G,  the  case  was  dismissed  without  prejudice.  If  better 
evidence  or  proofs  were  discovered  on  the  Missouri  side  a  similar  suit 
might  be  brought  a  second  time,  but  no  such  action  has  been  taken. 

The  Federal  permits. — Mention  has  already  been  made  in  the  de- 
scription of  the  Calimiet-Sag  Canal  of  certain  permits  issued  by  the 
Secretary  of  War.  The  first  request  for  a  Federal  permit  made  by 
the  Sanitary  District  of  Chicago  was  addressed  to  tne  Secretary  of 
War  under  date  of  June  16,  1896,  at  which  time  excavation  or  the 
main  drainage  canal  was  well  imder  way.  This  request  was  to 
widen  and  deepen  the  South  Branch  of  Chicago  River  at  designated 
points  in  order  that  it  might  have  capacity  to  conduct  to  the  head  of 
the  artificial  canal  a  flow  of  5,000  cubic  feet  of  water  per  second  at  a 
velocity  of  IJ  miles  per  hour.  The  request  was  granted  by  letter  of 
the  Secretary  of  War,  dated  July  3, 1896,  under  specified  conditions, 
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among  which  was  the  following:  "That  the  authority  shall  not  be 
interpreted  as  approval  of  the  plans  of  the  Sanitarv  District  of  Chi- 
cago to  introduce  a  current  into  Chicago  River.  This  latter  propo- 
sition must  be  hereafter  submitted  for  consideration/'  Further  per- 
mits respecting  Chicago  River  improvement  were  granted  November 
16,  1897,  November  30,  1898,  January  13,  1899,  M^rch  10,  1899,  and 
Mav  12, 1899. 

On  April  22,  1899,  the  Sanitary  District  made  application  to  the 
Secretary  of  War  for  permission  to  open  the  canal  as  soon  as  com- 
pleted and  discharge  through  it  waters  of  Chicago  River  and  Lake 
Michigan,  reversing  the  current  in  Chicago  River.  This  permit  was 
granted  May  8,  1899,  it  being  expressly  stipulated  that  the  permit 
was  temporary  and  revocatle  at  will;  that  it  would  be  changed  if 
found  necessary  to  protect  commerce  in  the  river  from  unreasonable 
obstruction  because  of  the  current,  or  to  protect  property  from  in- 
jury; and  also,  "  That  it  is  distinctly  understood  that  it  is  the  inten- 
tion of  the  Secretary  of  War  to  submit  the  questions  connected  with 
the  work  of  the  Sanitary  District  of  Chicago  to  Congress  for  consid- 
eration and  final  action,  and  that  this  permit  shall  be  subject  to  such 
action  as  may  be  taken  by  Congress." 

An  additional  permit  with  reference  to  improvement  of  Chicago 
River  was  granted  July  11, 1900. 

On  Apru  9,  1901,  the  permit  of  May  8,  1899,  was  modified,  re- 
stricting the  flow  through  Chicago  River  and  its  South  Branch  to  a 
maximum  of  200,000  cuoic  feet  per  minute,  equal  to  3,333^  cubic  feet 
per  second.  The  permit  recites  that  "  it  is  alleged  by  various  com- 
mercial and  navigation  interests  that  the  present  discharge  from  the 
river  into  the  drainage  canal  sometimes  exceeds  300,000  cubic  feet 
per  minute,  causing  a  velocity  of  nearly  3  miles  per  hour,  which 
greatly  endangers  navigation  m  the  present  condition  of  the  river." 
Upon  application  of  the  sanitary  district,  another  modification  was 
made  by  the  Secretary  of  War  on  July  23,  1901,  permitting  a  flow 
of  300,000  cubic  feet  per  minute  between  the  hours  of  4  p.  m.  and 
midnight,  each  day.  Another  permit,  dated  December  5,  1901,  set 
the  rate  of  flow  at  250,000  cubic  feet  per  minute  (4,167  cubic  feet 
per  second)  throughout  the  24  hours  of  each  day.  Upon  application 
of  the  sanitarv  district,  dated  December  29,  1902,  a  permit  of  the 
Secretary  of  War  was  issued  on  January  17,  1903,  granting  permis- 
sion to  divert  350,000  cubic  feet  per  minute  during  the  clo^  season 
of  navigation  and  requiring  reduction  to  260,000  cubic  feet  per  min- 
ute after  March  31, 1903.    This  permit  is  still  in  force. 

Wishing  to  construct  the  Calumet- Sag  Canal  and  divert  Lake 
Michigan  water  through  it,  thereby  reversing  the  current  in  the  Cal- 
umet Kiver,  the  Sanitary  District  on  November  28, 1906,  made  appli- 
cation to  the  Secretary  of  War.  On  March  14, 1907,  the  petition  was 
denied.  Anothei'  similar  application  was  made  June  27,  191&. 
Thereupon  the  Secretary  of  War,  on  June  30, 1910,  granted  a  permit 
to  complete  the  canal  and  appurtenant  works,  provided  ^Hhat  the 
amount  of  water  withdrawn  from  Lake  Michigan  through  the  Chi- 
cago and  Calumet  Bivers  together  shall  not  exceed  the  total  amount 
of  250,000  cubic  feet  per  mimite  (4,167  cubdQ  feet  per  second)  already 
authorized  to  be  witndrawn  thrdugh  tiie  Chicago  Biver  alone." 

Meantime,  on  September  11,  190t,  the  Secretary  of  War  issued  a 
permit  to  connect  the  North  Shore  Canal  with  Lake  Michigan  at 
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Wilmette  and  abstract  water  from  the  lake  through  the  same,  pro- 
vided "  that  the  total  diversion  of  water  from  Lake  Michigan  through 
the  Chicago  River  into  the  Illinois  River  shall  be  no  greater  than 
already  authorized  by  past  War  Department  permits." 

On  February  5, 1912,  the  Sanitary  District  nled  with  the  Secretary 
of  War  an  application  for  an  "  enlargement "  of  the  permit  of  May  8, 
1899,  as  modified  by  subsequent  permits,  to  embrace  a  flow  through 
both  the  Chicago  and  Calumet  Rivers  not  to  exceed  10,000  cubic  feet 
per  second.  This  petition  was  denied  in  a  reply  dated  January  8, 
1913,  which  went  into  the  subject  to  considerable  length  and  which 
was  prepared  only  after  extended  hearings  at  which  opposition  ^fVBS 
raised  by  important  interests  in  the  United  States  and  Canada. 

Recently  the  Sanitary  District  has  endeavored  to  get  Congreaa  to 
pass  a  bill  authorizing  a  diversion  of  12,000  cubic  feet  per  second,  but 
without  success. 

Case  of  the  United  States  v.  Samtary  District  of  Cfdca^o, — On 
March  23, 1908,  the  Attorney  General  of  the  United  States  caused  to 
be  filed  in  the  United  States  Circuit  Court,  Northern  District  of 
Illinois,  Eastern  Division,  a  bill  of  complaint.  No.  29019,  seeking^  to 
enjoin  the  Sanitary  District  of  Chicago  from  constructing  the  Calu- 
met-Sag Canal,  diverting  through  it  the  waters  of  Calumet  River  or 
Lake  IVfichigan  and  reversing  the  current  in  Calumet  River. 

It  was  alleged  by  the  Government  that  these  acts  would  lessen, 
impede,  and  obstruct  navigation  in  the  navigable  Calumet  River, 
and  would  lower  the  level  of  Lake  Michigan  and  thus  decrease  its 
navigability,  and  therefore  were  unlawful  under  section  10  of  the 
river  and  harbor  appropriation  act  of  MaYch  3,  1899,  because  they 
had  neither  been  authorized  by  Congress  nor  recommended  by  the 
Chief  of  Engineers,  United  States  Army,  and  approved  by  the  Sec- 
retary of  War. 

The  respondent  answered,  denying  or  belittling  each  allegation,  de- 
nying that  the  Calumet  River  was  navigable  within  the  meaning  of 
the  term,  or  that  diverting  water  from  Lake  Michigan  would  lower 
its  level,  or  that  the  act  or  March  3.  1899,  was  appucable  or  even  a 
constitutional  or  valid  enactment.  At  the  same  time  the  respondent 
claimed  the  project  would  benefit  navigation;  that  State  law  required 
it  to  carry  out  the  project ;  that  it  was  the  only  authorized  agency 
for  providing  the  needed  drainage  and  sewerage,  and  the  proposed 
method  was  the  only  lawful  one  under  State  enactment ;  that  it  made 
application  to  the  Secretary  of  War  for  a  permit  only  as  a  mere 
matter  of  comity ;  and  that  the  old  Illinois  and  Michigan  canal  laws 
constituted  authorization  by  Congress. 

This  answer  was  filed  March  23, 1908. 

Evidence  of  the  complainant  was  taken  from  February  15, 1909,  to 
July  8,  1909.  The  defendant  proceeded  to  again  open  negotiations 
with  the  War  Department  and  did  not  for  a  time  take  testimony  on  its 
own  behalf.  The  Government  testimony  was  directed  to  the  questions 
of  the  effect  of  the  diversion  upon  the  navigable  capacity  of  the  lakes 
and  their  coimecting  waters,  and  the  resulting  injury  to  the  interests 
of  navigation.  When,  finally,  on  May  81  and  June  1,  1911,  the  de- 
fendant took  testimony,  it  was  not  directed  toward  meeting  the  testi- 
mony of  the  Government  witnesses,  but  rather  to  establishing  the  de- 
sirability of  the  project  from  a  sanitary  standpoint  and  to  showing 
that  while  there  were  other  efficient  methods  for  the  disposal  of  the 
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sewage  of  the  Calumet  district,  the  proposed  dilution  method  was  the 
cheapest.  Thereupon  the  case  rested  wnile  the  defendant  again  nego- 
tiated with  the  Secretary  of  War.  On  March  18, 1913,  the  defendant 
renewed  taking  its  evidence. 

On  October  6, 1913.  because  of  the  refusal  of  the  defendant  to  com- 
ply with  the  terms  oi  the  permit  of  the  Secretary  of  War  respecting 
the  diversion  through  Chicago  River,  the  Attorney  General  caused 
another  bill,  equity  ^o.  114,  to  be  filed  in  the  same  court,  praying  that 
the  defendant  oe  enjoined  from  diverting  more  than  4,167  cubic  feet 
of  water  per  second  from  Lake  Michigan  through  Chicago  Kiver. 

It  was  averred  that  Congress  had  never  authorized  any  diversion 
through  Chicago  River,  and  that  the  diversion  recommended  by  the 
Chief  of  Engineers  and  permitted  by  the  Secretary  of  War  was  lim- 
ited to  4,167  cubic  feet  per  second;  that  the  diversion  greatly  ex- 
ceeded this  amount  and  was  therefore  unlawful  under  sc^ion  10  of 
the  rivers  and  harbors  act  of  March  3, 1899.  It  was  further  held  that 
the  defendant  by  this  unauthorized  diversion  modified  and  altered  the 
Chicago  Siver,  and  also  lowered  all  the  Great  Lakes  except  Superior, 
and  aU  the  outflow  rivers,  injuring  them  and  obstructing  navigation. 

The  Sanitary  District  answered  denying  that  it  asked  for  lake  water 
or  other  than  Chicago  River  water,  that  its  diversion  exceeded  4,167 
cubic  feet  per  second,  that  it  had  or  would  lower  lake  levels^  that  it 
injured  navigation,  or  that  permission  from  the  Secretary  of  War  was 
necessary.  It  claimed  that  its  works  were  required  under  the  police 
power  of  the  State  of  Illinois  by  the  sanitary  district  act  of  May  29, 
1889 ;  that  the  works  planned  would  completely  care  for  the  necessary 
sewage  and  drainage ;  that  they  provided  the  only  method  of  keeping 
sewage  out  of  the  lake  and  preserving  the  drinking  water  pure ;  and 
that  this  exercise  of  police  power  was  paramount  to  any  Federal  au- 
thority. It  claimed  further  that  a  diversion  of  10,000  cubic  feet  per 
second  was  necessary  to  keep  flood  watei^  out  of  Lake  Michigan ;  that 
the  diversion  was  absolutely  necessary  to  the  health  of  the  people; 
that  because  of  the  very  low  watershed  divide  and  the  very  large 
population  Chicago's  case  was  very  unlike  that  of  any  other  late  city ; 
that  $82,000,000  had  been  spent  on  the  work  while  the  United  States 
knew  of  the  State's  action  and  yet  did  not  protest ;  that  the  United 
States  had  cooperated  to  the  extent  of  spending  $1,000,000  on  the  im- 
provement of  tne  Chicago  River;  that  it  had  indicated  its  approval  by 
many  investigations  and  in  reports  of  its  officials ;  that  in  the  case  of 
the  United  States  v.  Economy  Light  &  Power  Co.  it  had  held  that  the 
State,  by  diversions  from  Chicago  River  and  Lake  Michigan,  had 
made  the  navigability  of  the  Des  IPlaines  River  an  accomplished  fact; 
that  Government  records  show  that  the  full  lowering  claimed  by  the 
(jovemment  could  be  compensated  at  an  expense  of  ^,000,000  or  less; 
that  the  lake  levels  had  been  lowered  by  the  act  of  the  United  States, 
of  Canada,  and  of  private  persons;  that  the  United  States  had  no 
right  to  limit  the  diversion ;  and  that  it  would  cost  about  $300,000,000 
for  some  other  method  of  caring  for  the  sewage  and  water  supply, 
which  was  prohibitive  because  of  the  constitutional  debt  limit,  and 
which  couldnot  provide  a  method  as  satisfactory  or  efficient,  and  that 
$82,000,000  already  expended  would  be  practically  wasted. 

The  two  suits  were  consolidated  and  heard  as  one,  and  the  taking 
of  evidence,  b^gun  on  March  18<,  1918,  was  continued  until  its  final 
completion  on  Cecember  19, 1914.    Altogether,  a  large  number  of  ex- 
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pert  witnesses  was  called  on  each  side.  Tbe  arguments  of  counsel  on 
the  law  and  facts  were  presented  in  1915.  The  decision  of  the  dis- 
trict court  has  not  been  rendered.^ 

It  developed  in  the  testimony  that  the  defendant's  witnesses  did 
not  deny  the  lowering  of  lake  and  river  levels  or  injury  to  naviga- 
tion, but  belittled  them.  The  controversy  was  over  the  extent  of  the 
lowering,  held  by  the  defendant  to  be  only  about  60  to  80  per  cent 
as  ^reat  as  by  the  complainant,  and  the  amount  of  the  damage  to 
navigation  was  held  bj  the  defendant  to  be  much  less  than  by  the 
complainant.  Admission  was  made  that  the  diversion  had  for  years 
greatly  exceeded  4,167  cubic  feet  per  second. 

It  was  also  admitted  that  sections  9  and  10  of  the  river  and  harbor 
act  of  March  3,  1899,  were  constitutional.  Inasmuch  as  construction 
of  the  drainage  canal  was  commenced  September  3,  1892,  and  was 
nearly  complete  on  March  3, 1899,  the  defendant  argues  that  this  act 
could  not  be  applied.  The  complainant  points  out  that  sections  9 
and  10  were  mainly  corroborative  of  section  10  of  the  river  and 
harbor  act  of  September  19, 1890,  whichwas  passed  prior  to  the  com- 
mencement ot  construction  of  the  drainage  canal  and  constitutes  all 
needed  authority  in  the  case.  The  Sanitary  District  points  out  that  it 
is  empowered  and  required  to  dispose  of  the  sewage  by  dilution  under 
the  sanitary  district  act  of  the  State  of  Illinois,  passed  May  29,  1889, 
prior  to  both  river  and  harbor  acts  noted  above.  The  Government 
shows  that,  although  the  sanitary  district  act  was  passed  May  29, 
1889,  nothing  pertaining  to  the  construction  of  the  canal  was  accom- 
plished until  after  September  19,  1890. 

In  the  testimony  the  defendant  claims  the  financial  burden  caused 
the  district  by  a  strict  limitation  to  a  diversion  of  4,167  cubic  feet 
per  second  would  be  approximately  $250,000,000. 

Jurisdiction  of  Federal  Government, — It  appears  that  the  juris- 
diction of  the  Federal  courts  and  legislature  over  the  question  of 
diversion  of  water  through  the  drainage  canal  arises  from  three  con- 
stitutional considerations,  namelj[,  that  the  Federal  Government  is 
the  only  agency  that  can  deal  with  questions  of  foreign  relations; 
that  the  Federal  Government  has  to  deal  with  disputes  and  damage 
claims  between  diflFerent  States;  and  that  Congress  has  jurisdiction 
over  the  maintenance  and  improvement  of  navigable  waterways. 
The  diversion  of  water  at  Chicago  aflfects  the  regimen  of  the  Missis- 
sippi Kiver  and  increases  flood  heights  in  7  States^  all  of  which  have 
spent  money  for  flood  protection,  dianging  conditions  in  about  1,000 
miles  of  navigable  channel  in  the  Mississippi  and  its  branches,  much 
of  which  has  been  improved  by  the  Federal  Government.  This  di- 
version also  has  an  adverse  eflFect  on  the  depths  of  the  St.  Marys,  St. 
Clair,  Detroit,  Niagara,  and  St.  Lawrence  Eivers,  which  are  all 
navigable  streams  improved  by  Federal  aid,  on  the  depths  of  five 

treat  Government  ship  locks,  and  on  the  depths  in  more  than  100 
arbors  and  channels  on  the  Great  Lakes  which  are  dredged  and 
maintained  by  the  Federal  Goverment.  It  has  reduced  the  depths  on 
the  sills  of  the  Lockport  and  Oswego  locks  of  the  New  ,York  State 
Barge  Canal  and  has  injured  local  harbor  improvements  in  seven 
States.  Similar  damage  has  been  done  to  a  score  of  the  Canadian 
harbors,  to  the  three  great  Canadian  ship  canals,  and  to  the  St. 

^DtoMet  judge  rendered  an  opinion  Jane  19»  1920,  decreeing  that  the  Sanitary  Dto- 
trlct  he  enjoined  from  diverting  more  water  than  authorized  by  the  War  Department. 
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Lawrence  River  where  it  runs  through  Canadian  territory.  These 
many  and  intricate  matters  of  interstate  and  international  impor- 
tance can  not  justly  be  dealt  with  by  the  State  of  Illinois  alone,  but 
areproper  subjects  to  be  handled  by  the  National  Government. 

The  future, — ^The  greatest  single  factor  in  creating  Chicago's  sani- 
tary troubles  has  not  been  her  ^ographical  position,  nor  the  nature 
of  her  soil,  nor  the  presence  of  the  packing-house  wastes,.  It  is  the 
unprecedentedly  great  and  sustained  CTowth  of  the  city  that  has 
repeatedly  frustrated  all  solutions.  If  this  growth  continues,  the 
drainage  canal  will  become  an  inadequate  sewer  just  as  the  Illinois  & 
Michigan  Canal  did  40  years  ago.  By  1960  the  sanitary  district 
may  be  reasonably  expected  to  contain  5,000,000  people,  while 
6.000,000  or  7,000,000  or  even  more  would  not  be  beyond  the  bounds  of 
possibility.  If  this  happens,  the  thickly  inhabited  urban  region 
will  verv  likely  spread  to  the  south  and  west,  and  the  sanitary  dis- 
trict will  have  to  be  extended  to  cover  nearly  all  of  Cook  County 
and  the  eastern  third  of  Du  Page  County.  The  ultimate  [>ossibIe 
population  of  the  territory  centering  on  the  Chicago  Kiver,  whose 
sewa^  must  be  kept;  out  of  Liake  Michigan,  exceeds  15,000,000  in 
Illinois,  with  perhaps  10,000,000  more  in  Indiana. 

The  legal  rate  oi  dilution  which  the  sanitary  district  is  Tec[uired 
to  maintain  is  3^  cubic  feet  per  second  for  each  1,000  inhabitants. 
That  would  require  a  discharge  of  8,670  cubic  feet  per  second  to 
serve  the  present  population  if  the  Calumet-Sag  Canal  is  not  in  opera- 
tion, and  9,220  cubic  feet  per  second,  including  the  Calumet  district. 
The  total  capacity  of  the  canal,  at  its  usually  estimated  value  of 
14,000  cubic  feet  per  second,  would  afford  the  legal  dilution  for 
the  sewage  of  4,200,000  people.  If  the  district  be  granted  the  use  of 
14,000  cubic  feet  per  second,  in  20  or  30  years  it  must  come  back 
anil  ask  for  more  in  order  to  continue  extending  the  dilution  method* 
To  supply  the  le^al  dilution  for  a  population  of  15,000,000  would 
require  50,000  cubic  feet  per  second.  This  is  far  in  excess  of  the 
present  capacity  of  the  Illinois  Valley.  It  would  add  to  the  floods 
of  the  Mississippi,  and  would  so  lower  the  Great  Lakes  and  their 
connecting  waters  as  to  require  a  complete  readjustment  of  the  whole 
Lake  system  of  navigation. 

It  is  evident  that  (ulution  by  means  of  the  Chicago  Drainage  Canal 
can  not  be  considered  as  a  permanent  solution  of  the  sanitary  prob- 
lems of  the  district.  On  the  other  hand  the  great  convenience  of 
the  present  system  and  the  fact  that  some  hundred  millions  of  dollars 
have  already  been  spent  on  it  are  points  on  the  other  side  that  should 
be  taken  into  account.  The  fact  is  that  this  c[uestion  is  one  that 
can  not  properly  be  decided  by  the  uncompromising  victory  of  one 
or  the  other  of  the  conflicting  interests  involved.  It  should  rather 
be  settled  by  Congress  from  tne  point  of  view  of  the  greatest  value 
to  the  whole  coimtry.  The  13  States  interested,  the  Dominion 
of  Canada,  the  City  and  Sanitary  District  of  Chicago,  the  shipping 
interests  of  the  Great  Lakes,  the  water-power  interests,  should  each 
be  allowed  to  present  their  case,  and  every  effort  be  made  to  safe- 
guard the  interests  of  each  with  due  regard  to  the  rights  and  neces- 
sities of  the  others.  Without  going  into  details  it  may  be  said  that  the 
final  decision  might  well  contain  the  following  elements:  (1)  The 
Sanitary  District  to  be  allowed  the  use  of  such  water  as  may  be  found 
necessary  to  dispose  of  by  dilution  the  sewage  now  entering  the 
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Chicago  River,  and  to  prevent  any  flow  from  the  Chicago  River  into 
the  lake  during  storms.  (2)  Works  to  be  built  on  the  rivers  of 
the  Great  Lakes  system  to  compensate  for  the  lowering  of  water 
levels  due  to  this  diversion.  These  works  to  be  designed  and  built 
jointly  by  the  United  States  and  Canada  and  paid  for  by  the  Sanitary 
District  of  Chicago.  (3)  The  Sanitary  District  to  be  prohibited 
absolutely  from  any  further  diversion,  regardless  of  increase  in  jwpu- 
lation,  and  directed  to  proceed  forthwith  to  formulate  a  compre- 
hensive scheme  of  purification,  and  to  proceed  with  its  installation 
in  order  that  any  effluent  discharged  into  the  Des  Plaines  or  Illinois 
Rivers  can  be  sent  down  the  valley  without  nuisance  or  danger  even 
though  the  dilution  obtained  is  much  less  than  3i  cubic  feet  per 
eecond  per  thousand  of  population.  (4)  The  diversion  to  be  so  effected 
as  not  to  hinder  navigation  in  the  Chicago  River.  (5)  The  question 
of  the  Sag  Canal  to  nave  special  consideration,  thought  being  given 
to  the  future  needs  of  Gary,  Indiana  Harbor,  Hammond,  and  the 
other  towns  in  Indiana  on  the  Calumet  drainage.  Diversion  through 
the  Calumet-Sag  Canal  to  be  allowed  only  if  a  comprehensive  scheme 
can  be  devised  which  will  protect  the  purity  of  Lake  Michigan  in 
spite  of  spring  floods  or  summer  thunderstorms.  (6)  The  pollu- 
tion of  lake  waters  by  ships  to  be  prevented.  (7)  A  fair  license  fee 
per  cubic  foot  of  water  per  second  diverted  to  be  paid  the  Federal 
Government. 

2.    BIiACK  RIVER  CANAL. 

The  Great  Lakes  drainage  system  contains  no  less  than  18  streams 
bearing  the  name  "Black  River"  or  "Black  Creek."  The  Black 
River  considered  here  rises  northwest  of  Port  Sanilac,  Mich.,  about 
11  miles  west  of  Lake  Huron,  flows  south,  passes  through  the  city  of 
Port  Huron,  and  enters  the  St.  Clair  River  about  2^  miles  below  the 
foot  of  Lake  Huron.  Its  length  is  about  65  miles,  and  it  drains  about 
450  square  miles  of  territory.  During  the  spring  freshets  the  dis- 
charge of  this  river  amounts  to  several  thousand  cubic  feet  per  sec- 
ond, but  during  the  summer  months  there  is  practically  no  flow. 

The  sewage  from  a  large  part  of  Port  Huron  is  discharged  into 
this  river,  including  very  foul  wastes  from  a  sulphite  pulp  mill. 
Formerly,  during  the  summer  months,  the  lower  part  of  the  river 
became  a  stagnant  cesspool  extending  through  the  heart  of  the  city. 
The  unsightly  appearance  and  extremely  offensive  odor  of  the  stream 
constituted  an  intolerable  nuisance. 

To  remedy  these  conditions  the  city  constructed  a  canal  from  Lake 
Huron  to  a  point  on  the  river  above  the  city.  Through  this  channel 
there  now  flows  a  constant  curreiit  of  water,  preventing  stagnation 
in  the  lower  reach  of  the  river.  The  canal  leaves  Lake  Huron  at  a 
point  about  If  miles  above  Fort  Gratiot  Light,  and  runs  directly  to 
the  nearest  bend  of  the  river,  a  distance  of  about  5,800  feet.  It  hits 
the  river  4J  miles  above  its  mouth.  The  canal  has  a  bottom  width  of 
25  feet  with  side  slopes  of  approximately  1^  to  1.  The  average  depth 
of  water  is  6  feet.  The  fall  from  the  head  of  the  canal  to  the  mouth 
of  Black  River  averages  about  1.25  feet,  which  is  approximately  one- 
quarter  of  the  total  fall  of  the  St.  Clair  River.  The  maximum  fall 
is  said  to  be  about  2J  feet.  This  fall  occurs  almost  entirely  in  the 
canal  itself. 
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The  mean  discharge  is  reported  to  be  about  400  cubic  feet  per  sec- 
ond, and  the  maximum  about  twice  as  much.  Construction  of  the 
canal  was  commenced  in  1901  and  completed  in  1912.  The  cost  was 
about  $125,000.  The  upper  end  of  the  canal  is  frequently  partly 
blocked  by  sand  and  gravel  from  Lake  Huron  and  requires  consid- 
erable dredging  to  keep  it  clear.  Aside  from  this  difficulty  the  opera- 
tion of  the  canal  has  been  entirely  successful  and  the  results  desired 
have  been  obtained. 

The  effect  of  this  diversion  is  treated  brieflv  in  Section  G  of  this 
report.  The  principle  involved  is  important,  but  the  actual  effect  is 
very  slight. 

Photographs  Nos.  50  and  51  show,  respectively,  the  head  of  the 
Black  River  Canal  and  the  mouth  of  BlacK  River. 

8.  PROPOSED  ERIE  AND  ONTARIO  SANITARY  CANAL. 

The  proposed  power,  ship,  and  sanitarj  canal  of  the  Erie  & 
Ontario  Sanitary  Canal  Co.  has  been  described  in  section  A  of  this 
report.  It  is  understood  that  the  sewage  of  Lackawanna  and  other 
southern  and  eastern  suburbs  of  Buffalo  will  be  discharged  directly 
into  this  canal.  Buffalo  Creek  is  to  be  reversed,  and  its.  flow,  to- 
gether with  the  4,000  or  5,000  cubic  feet  per  second  admitted  to  the 
Branch  canal  at  Black  Rock,  is  expected  to  cause  a  constant  inflow 
of  Lake  Erie  water  into  Buffalo  Harbor.  All  the  sewage  will  then 
go  down  the  canals  and  none  down  the  river  except  a  very  little 
through  the  Black  Rock  ship  lock.  The  sewage  of  Black  Rock, 
Xorth  Buffalo,  and  Tonawanda  will  discharge  directly  into  the 
branch  canal.  North  Tonawanda  would  probably  be  connected  with 
the  main  canal  by  a  trunk  sewer  or,  possibly,  would  discharge  its 
sewage  into  the  barge  canal.  Intercepting  sewei-s  would  be  re- 
quired along  the  river  front  of  both  the  Tonawandas  to  collect  sew- 
age now  discharged  into  the  river.  The  estimate  submitted  by  the 
company  provides  for  rough  screening  of  the  sewage  before  it  en- 
ters the  canal,  and  in  some  of  the  prospectuses  an  offer  is  made  to 
give  it  whatever  further  treatment  it  may  remiire  to  prevent  form- 
ing dangerous  or  offensive  conditions  in  Liake  Ontario. 

The  proposed  diversion  of  water  is  26,000  cubic  feet  per  second. 
This  is  described  in  the  draft  of  a  bill  submitted  by  the  company  as 
"the  use  of  20,000  cubic  feet  of  water  per  second  allowed  by  the 
treaty  with  Great  Britain  for  power,  together  with  6,000  cubic  feet 
of  water  i)er  second  further  allowed  by  article  5  of  said  treaty  for 
sanitation  and  navigation.'' 

The  present  population  of  the  area  to  be  served  by  the  canal  is 
perhaps  600,000.  Allowing  for  future  CTOwth,  6,000  cubic  feet  per 
second  is  about  the  quantity  that  would  be  required  to  dilute  the 
sewage  from  this  district  and  carry  it  away  without  creating  any 
serious  nuisance.  Under  the  proposed  scheme,  when  20,000  cubic 
feet  per  second  have  been  diverted  for  power  development  all  the 
sewage  of  this  region  could  be  properly  diluted  and  carried  away 
bj  the  same  water.  In  fact,  the  dilution  would  be  more  than  three 
times  as  great  as  is  usually  considered  necessary.  To  divert  6,000 
cubic  feet  per  second  additional  for  "  sanitary  purposes  "  is  a  pro- 
posal of  doubtful  justification.    Whether  or  not  it  would  be  possible 
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without  violating  the  provisions  of  the  treaty  is  a  question  of  la^w. 
It  appears  contrary  to  the  intent  of  the  treaty. 

That  the  water  of  the  Niagara  River  is  now  contaminated  and 
polluted  by  sewage  can  not  be  denied.  Without  purification  it  is  not 
fit. to  drink.  The  city  of  Buffalo  gets  its  water  supply  from  an  in- 
take which  normally  receives  Lake  Erie  water  with  little  or  no  con- 
tamination from  Buffalo  or  Lackawanna  sewage.  Under  unusual 
conditions  of  winds  and  currents  it  may  be  so  contaminated.  The 
cities  of  Tonawanda,  North  Tonawanaa,  Lockport,  and  Niagara 
Falls  receive  a  supply  that  is  seriously  polluted.  The  solution  oi  the 
problem  of  giving  these  cities  a  satisfactory  supply  can  be  attempted 
by  two  different  methods.  It  may  be  determined,  on  the  one  hand^ 
to  bring  the  whole  207.000  cubic  feet  per  second  of  the  Niagara  River 
water  into  a  pure,  sate,  potable  condition  and  retain  it  so.  On  the 
other  hand  some  pollution,  devoid  of  gross  nuisance,  may  be  per- 
mitted, the  main  effort  being  directed  toward  purification  of  the  300 
or  400  cubic  feet  of  water  per  second  which  is  pumped  to  supply 
the  cities  of  the  Niagara  frontier,  including  Buffalo. 

The  very  thorough  investigations  by  the  International  Joint  Com- 
mission have  shown  conclusively  that  the  water  of  Lake  Erie  does 
not  afford  a  safe  domestic  supply.  It  is  contaminated  by  the  waste 
of  the  many  cities  on  its  shores  and  of  the  vast  fleet  on  its  waters. 
The  rapidly  increasing  population  of  both  shores  of  the  river  and  of 
Grand  Island  adds  its  pollution  to  the  river  waters.  After  the  ut- 
most has  been  done  to  exclude  the  sewage  of  Buffalo  and  its  suburbs 
from  the  river,  the  water  will  still  need  treatment  before  it  is  fit 
for  use.  The  solution  of  the  problem  by  the  first  method  will  neces- 
sarily be  incomplete. 

While  the  first  method  tries  to  maintain  the  waters  of  an  immense 
river,  draining  a  settled  area  of  276,000  square  miles,  in  a  pure  and 
potable  condition,  the  second  method  applies  intensive  methods  of 
purification  to  the  small  quantity  of  water  which  needs  to  be  pure. 
Only  about  one  six-hundredths  of  the  flow  of  ihe  river  need  be 
treated.  That  this  may  surely  and  economically  be  accomplished  is 
abundantly  demonstrated  by  the  experience  of  the  city  of  Niagara 
Falls. 

Niagara  Falls  was  formerly  supplied  by  the  Western  New  York 
Water  Co.,  with  untreated  Niagara  River  water  taken  from  near  the 
American  shore.  The  supply  was  badly  polluted  by  the  sewage  of 
Buffalo,  the  Tonawandas,  La  Salle,  and  Echota.  The  dangerous  na- 
ture of  the  water  was  notorious,  and  intelligent  people  depended 
largely  on  wells  and  bottled  spring  water  for  their  drinking  water. 
Nevertheless,  typhoid  fever  was  endemic  to  a  marked  degree.  The 
typhoid  death  rate  varied  from  93  to  224  per  100,000  and  was  one  of 
the  highest  in  the  United  States.  As  the  city  is  visited  by  more  than 
1,000,000  sightseers  every  year,  it  served  as  a  focus  of  infection  for 
spreading  the  disease  over  the  entire  country.  In  1912  the  city 
opened  a  municipal  waterworks  with  mechanical  filters,  and  soon 
after  the  Western  New  York  Water  Co.  began  chlorinating  its  sup- 
ply. The  typhoid  rate  fell  at  once,  and  since  then  has  been  only 
atlout  one-tenth  as  great  as  before.  Table  No.  12  shows  the  death 
rates  due  to  typhoid  fever  since  1903,  expressed  as  deaths  per  100,000 
of  population: 
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Tablb  Na  ^2.'—nphoid  fever  death  rate  per  lOOfiifO  in  Niagara  Falls,  N.  Y., 

190S  to  1911. 


1903. 
1904. 
1905. 
1906. 
1907. 
1908- 


212 
163 
224 


148 

96 

1909 93 

1910 102 

1911 167 


1912  * 2S 

1913 25 

1914 10 

1915 

1916 11 

1917 10 


Mean  of  6  years 14 


Mean  of  8  years 149 

The  International  Joint  Commission  has  made  a  very  extended 
and  thorough  study  of  the  pollution  of  boundary  waters,  including 
Niagara  River.  The  commission  recommends  sewage  treatment  by 
Buffalo  and  other  cities  along  the  river  to  an  extent  which  will  abate 
present  nuisances  and  greatly  lessen  the  dangers  from  pollution, 
holding  that  purification  of  water  supplies  will  still  be  required,  the 
sewage-purification  processes  providing  a  "margin  of  safety"  for 
the  water-supply  purification  works.  The  report  of  the  commission 
was,  in  part,  as  follows : 

The  reference  specifically  calls  for  consideration  by  the  commission,  of  drain- 
age canals  as  a  possible  way  or  nieans  of  remedying:  or  preventing  the  trans- 
boundary  effect  of  poHntion.  The  only  suggestion  that  has  been  made  before 
the  commission  of  a  drainage  canal  project  is  that  promoted  by  the  Erie  & 
Ontario  Sanitary  Canal  Co.  This  com|)any  was  organized  primarily  for  power 
purposes,  but  among  the  objects  in  Its  application  for  incorporation  is  remedy- 
ing the  pollution  of  the  Niagara  River  by  the  construction  of  a  canal  starting 
at  or  near  the  mouth  of  Smokes  Creek  in  the  city  of  Lackawanna  and  thence 
rnmiing  through  a  well-settled  countr>'  to  Lake  Ontario.  It  is  proposed  that 
the  canal  should  be  used  free  of  charge  by  the  cities  of  I^ckawanna,  Buffalo, 
Tonawanda,  North  Tonawandn,  Niagara  Falls  (United  States),  and  Lockport, 
and  by  other  municipalities  and  conmiunitles  on  the  United  States  side  of  the 
>'iagara  River  to  carry  off  their  sewage  and  storm  flows,  which  are  now  dis- 
cliarged  into  Lake  Erie  aud  the  Niagara  River,  provided  each  city  or  town 
make  its  own  connection  with  the  canal  without  expense  to  the  company.  The 
mmpany  applied  to  the  Secretary  of  War  for  the  United  States  by  applica- 
tion dated  April  23,  1012,  for  perurission  to  divert  for  its  purposes  6,000  second- 
feet  of  water  from  Lake  Erie  and  the  Niagara  River.  The  necessary  authority 
for  the  diversion  of  this  water  was  denied  by  the  Government  of  the  United 
States,  but  the  company  desired  to  secure  from  the  commission  an  approval  of 
the  canal  as  n  feasible  solution  of  the  pollution  problem  in  the  Niagara  River. 
Opportunities  were  afforded  the  company  to  appear  before  the  commission  on 
several  occasions.  The  company's  president,  Mr.  Millard  F.  Bowen ;  its  counsel^ 
Mr.  Greorge  Clinton,  and  others  on  its  behalf  made  at  the  different  sittings  able 
and  lengthy  arguments,  and  briefs  were  submitted  to  the  commission  contain- 
ing: statements  of  fact  and  arguments  from  Messrs.  Randolph,  Clinton,  Bowen, 
and  Shiras  in  support  of  the  scheme.  Quite  a  large  amount  of  evidence  was 
taken,  as  win  appear  on  reference  to  the  records  of  the  commission.  The  finan- 
cial and  sanitary  features  of  the  project  did  not,  however,  appear  to  have 
been  sufficlentlj'  investigatcHl.  The  plans  and  data  submitted  were  conse- 
quently referred  to  the  consulting  engineer  for  further  investigation  and  report. 
His  report  was  decidedly  adverse  to  the  undertaking  for  two  principal  reasons : 
(1)  It  proposed  to  receive  sewage  in  its  raw  condition  into  the  canal,  thus 
creating  a  large  open  sewer.  A  a>ndition  of  serious  menace  would  therefore 
obtain  throughout  Its  length,  and  if  the  sewage  were  allowed  to  pass  into  Lake 
Ontario  conditions  there  would  lie  at  least  no  less  objectionable  than  they  are 
at  present  (2)  The  treatment  required  to  prevent  nuisance  in  such  a  canal 
^'onld  necessarily  be  uiore  complete  and  correspondingly  expensive  than  treat- 
ment required  for  the  protection  of  the  Niagara  River,  a  result  due  to  the  com- 
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pfuratlvely  small  volume  «f  diluting  water  available  In  the  canal  and  the  con- 
sequeut  necessity  for  thorough  treatment  of  the  sewage  by  expensive  oxidizing 
methods.  These  reasons  would  apply  with  much  greater  force  in  the  future. 
Buffalo  and  the  towns  below  are  rapidly  growing.  Should  their  combined 
population  reach  a  total  of  1,000,000,  the  diluting  power  of  the  diverted  water 
would  be  so  inadequate  that  during  tbe  summer  months  the  waters  of  the  canal 
would  be  devoid  of  oxygen,  dark  in  color,  and  foul  smelling.  One  nuisance 
would  be  abated  by  the  creation  of  a  much  greater  nuisance,  which  could  only 
be  corrected  by  the  most  intense  sewnge  purillctUion.  The  commission,  after 
full  consideration  of  all  the  features  of  the  project,  is  of  the  opinion  that  be- 
sides being  objectionable  on  other  grounds  It  Is  Inadvisable  as  a  sanitary 
measure. 

On  the  general  question  of  drainage  canals  as  a  method  of  sewage  disposal 
the  commission  Is  unable  to  express  any  opinion,  as  each  case  must  be  decidefl 
upon  Its  merits.  Ck)nslderatlon  of  any  scheme  involves  a  study  of  the  amount  of 
water  available  for  diversion,  the  water-carrying  capacity  of  the  canal,  the 
amount  of  raw  sewage  to  be  discharged  into  it,  the  character  and  cost  of  treat- 
ment of  the  sewage  to  be  carried,  and  the  consequent  InterfM'ence  with  the 
many  other  Interests  which  may  be  affected,  all  of  which  elements  vary  acconl- 
Ing  to  local  circumstances  and  conditions. 

It  thus  appears  that  the  proposed  sanitary  canal  will  not  make 
the  Niagara  River  a  safe  and  satisfactory  water  supply  for  the  fron- 
tier cities  without  further  treatment  bv  individual  communities.  The 
studies  and  estimates  in  Section  F  of  this  report  show  that  a  com- 
bined power  and  ship  canal  on  the  La  Salle-Lewiston  route  would 
develop  as  much  power  as  the  proposed  sanitary  canal,  would  be  a 
much  better  ship  canal,  and  would  be  much  cheaper.  The  diflFer- 
ence  in  cost  of  the  two  canals  would  be  far  more  than  enough  to 
provide  water  purification  plants  for  all  the  frontier  cities.  More- 
over, if  these  cities  build  such  plants,  the  cost  will  be  borne  by  the 
people  benefited,  while  under  the  plan  of  the  Erie  &  Ontario  Sani- 
tary Canal  Co.  the  cost  of  providing  better  water  for  these  cities  is 
to  be  added  to  the  price  of  power  and  borne  by  the  customei's  of  the 
company.    Surely  this  is  an  inequitable  arrangement. 

The  conclusion  must  be  that,  considered  as  a  sanitary  project,  this 
scheme  has  little  to  recommend  it.  Its  navig:ational  and  power 
aspects  are  treated  in  Sections  A  and  F,  respectively,  of  this  report. 

4.  DI\T5RSIONS  OP  CmES. 

The  only  remaining  diversions  of  water  from  the  Great  Lakes  sys- 
tem for  sanitary  purposes  are  the  diversions  of  cities  bordering  the 
Great  Lakes  and  outflow  rivers  for  water  supply  and  sewer  flushing. 
The  most  notable  example  of  flushing  is  that  at  Milwaukee,  where 
nearly  1,000  cubic  feet  of  water  per  second  is  pumped  at  three  pump- 
ing stations  to  flush  the  Milwaukee,  Menomonee,  and  KinnicKinnic 
Rivers.  In  this  instance  the  lake  water  used  in  flushing  these  rivers 
and  a  few  trunk  sewers  is  soon  returned  to  the  lake  within  a  few 
miles  of  the  points  of  diversion.  At  Chicago  the  pumpage  for  water 
supply  is  about  1,050  cubic  feet  per  second.  The  experience  of  sani- 
tary engineers  is  that  practically  the  full  amount  of  the  water  supply 
eventually  finds  its  way  into  the  sewers.  In  the  case  of  Chicago  the 
sewage  passes  down  the  drainage  canal,  hence  the  water  supply  forms 
a  part  of  the  diversion  measured  at  Lockport,  and  previouslv  dis- 
cussed in  this  section.  The  other  cities  all  return  their  supplies  to 
the  lakes  and  connecting  waters  within  a  few  miles  of  the  point  of 
diversion.     The  quantities  are  small.     At  Buffalo  the  diversion  is 
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approximately  220  cubic  feet  per  second.  At  Detroit,  the  largest  lake 
city  after  Chicago,  it  amounts  on  the  average  to  225  cubic  feet  per 
second.  The  effects  of  all  these  diversions,  except  that  at  Chicago, 
upon  lake  levels  or  navigation  are  absolutely  trivial. 

W.  S.  Richmond. 
Section  C. 

DIVERSIONS  FOR  POWER  PURPOSES. 
1.   ST.  MARTS  FALLS  CANALS. 

The  total  diversion  of  water  at  Sault  Ste.  Marie  for  power  develop- 
ment is  approximately  43,000  cubic  feet  per  second.  At  the  rapids  o/t 
the  St.  Marvs  Bivcr  at  Sault  Ste.  Marie  there  is  a  head  of  from  17 
to  21  feet  which  is  available  for  power  development.  The  mean  flow 
of  the  river,  including  the  ship  canals  and  power  canals,  is  about 
75,000  cubic  feet  per  second.  It  thus  appears  that  a  little  more  than 
half  of  the  river  now  is  used  to  develop  power.  The  total  power  pro- 
duction averages  about  64,750  horsepower.  The  compensating  works 
which  prevent  this  use  of  water  from  lowering  Lake  Superior  unduly 
are  described  in  Section  G  of  this  report,  which  deals  with  lake  levels^ 

There  are  three  power  plants  at  Sault  Ste.  Marie,  one  on  the  Ca- 
nadian side  and  two  on  the  American.  The  location  of  each  is  shown 
on  the  map  on  plate  No.  3. 

Government  plants, — ^The  United  States  Government  power  plant 
is  located  in  the  rapids  on  the  American  side  abreast  of  the  west  end 
of  the  fourth  lock.  A  small  plant  was  first  constructed  by  the  Edison 
Sault  Light  &  Power  Co.  in  1887,  and  was  extended  from  time  to  time. 
It  was  located  a  little  south  of  the  present  site.  In  1906  the  present 
plant  was  built,  extending  farther  into  the  rapids  than  the  earlier 
one,  and  estimated  to  divert  about  1,400  cubic  feet  per  second. 

The  plant  was  acquired  by  the  United  States  in  1912  and  leased  to 
the  Edison  Sault  Electric  Co.  by  the  Secretary  of  War  under  date  of 
June  25,  1912.  Under  the  terms  of  this  lease  the  plant  was  enlarged 
in  1915—16  and  another  unit  added,  making  a  total  installation  of 
about  2,575  horsepower.  The  lease  contemplates  a  final  development 
of  5,335  horsepower  over  and  above  the  power  required  by  the  United 
States  for  lighting  and  operating  locks  and  other  purposes. 

The  headrace  of  this  plant  is  formed  by  a  dike  auout  2,700  feet 
long  extending  downstream  from  one  of  the  piers  of  the  International 
Bridge  at  the  head  of  the  rapids,  and  is  closed  at  its  lower  end  by  a 
pier,  sluice  gates,  and  the  power  house.  The  total  length  of  this  head- 
race is  about  2,100  feet,  its  width  is  about  700  feet,  and  its  depth 
varies  from  2  to  10  feet.  The  gross  head  varies  from  17  to  21  feet, 
the  head  at  the  power  house  ranging  from  17  to  19|  feet.  A  tailrace 
approximately  100  feet  wide  leads  downstream  from  the  power  house 
about  1,700  feet  to  a  point  near  the  foot  of  the  rapids. 

The  power  house  contains  five  units.  Four  of  these  are  71-inch 
Sampson  turbines,  each  with  vertical  shaft  direct  connected  to  a  450- 
kilowatt  generator  delivering  three-phase  alternating  current.  The 
fifth  unit  is  a  60-inch  AUis-Chalmers  vertical-shaft  turbine  direct 
connected  to  an  alternator.  There  are  also  two  small  turbines,  rated 
at  110  horsepower  each,  which  drive  the  exciters.    The  average  power 
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developed  is  750  horsepower.  The  water  consumed  is  1,030  cubic 
feet  per  second,  of  whicn  500  cubic  feet  per  second  is  estimated  to  be 
wasted  through  the  sluices  or  lost  by  leakage  through  the  dike. 

Part  of  the  power  is  used  by  the  United  States  for  lighting  and 
operating  locks  and  the  remainder  carries  a  miscellaneous  light  and 
power  load  in  the  city  of  Sault  Ste.  Marie,  Mich.  The  contem- 
plated ultimate  development  of  5,335  horsepower  over  and  above  the 
power  required  by  the  United  States  will  probably  require  a  diver- 
sion of  somewhat  more  than  4,000  cubic  feet  per  second. 

Michigan  Northern  Power  Co, — ^The  plant  of  the  Michigan 
Northern  Power  Co.  is  on  the  American  shore  about  a  mile  below 
the  locks  and  is  supplied  with  water  by  a  canal  running  from  near 
iJie  western  entrance  of  the  ship  canal.  This  canal  or  headrace  is 
about  12.000  feet  long.  The  downstream  portion  has  a  trapezoidal 
cross  section  162  feet  wide  on  the  bottom,  200  feet  wide  at  the  water 
surface,  and  about  24  deet  deep,  lined  with  timber.  The  upper  part 
is  a  rock  cut  of  equivalent  size.  The  gross  head  varies  from  17  to  21 
feet.    The  net  head  at  the  power  house  at  present  is  about  16  feet. 

The  power  house  contains  79  pairs  of  turbines,  15  pairs  of  34i-inch 
and  64  pairs  of  33-inch,  direct  connected  by  horizontal  shafts  to 
small  electric  generators.  The  average  amount  of  water  used  is 
30,000  cubic  feet  per  second  and  the  average  power  output  is 
35,000  horsepower. ,  Part  of  this  power  is  used  for  street  railway 
operation,  but  the  bulk  of  it  is  used  in  the  manufacture  of  calcium 
carbide  in  the  nearby  plant  of  the  Union  Carbide  Co. 

This  plant  was  built  by  the  Michigan  Lake  Superior  Power  Co.  in 
1898-1902.  About  8,500  cubic  feet  per  second  were  used  in  1906.  In 
1909,  35  out  of  the  42  units  installed  were  generally  in  use.  About 
12,000  cubic  feet  of  water  per  second  was  being  consumed,  and  the 
average  output  was  about  11,000  horsepower.  In  1913  the  name  was 
changed  to  Michigan  Northern  Power  Co.,  and  under  terms  of  a 
lease  executed  by  the  Secretary  of  War  May  28,  1914,  the  company 
completed  its  plant  by  the  addition  of  37  new  units.  No  further  ex- 
tension of  the  plant  is  contemplated,  but  the  amount  of  water  used 
may  be  increased  by  perhaps  10  per  cent. 

6reat  Lakes  Power  Co, — ^The  plant  of  the  Great  Lakes  Power  Co. 
is  in  Sault  Ste.  Marie,  Ontario,  about  500  feet  north  of  the  eastern 
gates  of  the  Canadian  lock.  The  headrace  leads  from  the  bay  north 
of  the  upper  entrance  to  the  Canadian  ship  canal.  It  is  a  little  more 
than  2,000  feet  long,  4,500  including  channel  through  the  bay,  and  is 
now  being  enlarged  to  a  width  of  400  feet  and  depth  of  12  feet.  The 
gross  head  varies  from  17  to  21  feet,  the  head  at  the  power  house 
averaging  about  18  feet^ 

The  old  power  house  contains  three  old  51-inch  350-horsepower 
McCormick  turbines  which  are  connected  to  dynamos  by  gears.  The 
new  power  house  contains  24  modern  vertical-shaft  hydroelectric 
units.  These  are  AUis-Chalmers  turbines  rated  at  825  horsepower 
•each.  The  pulp  mill  contains  12  units,  each  consisting  of  five  31-inch 
American  runners  mounted  on  a  horizontal  shaft  and  rated  at  1,200 
horsepower.  These  drive  the  pulp  grinders.  The  total  rated  power 
of  the  installation  is  approximately  35,000  horsepower  at  a  head  of 
18  to  18.5  feet.  The  average  power  developed  is  19,000  horsepower 
und  the  average  water  used  is  12,000  cubic  feet  per  second.    This 
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power  is  used  for  operating  a  large  paper  mill  and  for  supplying 
power  for  a  steel  plant,  city  lighting  and  pumping,  and  general  com- 
mercial purposes. 

This  plant  was  built  by  the  Lake  Superior  Power  Co.  in  1896-1901, 
and  acquired  by  the  present  owners  in  1916,  since  when  it  has  been 

? greatly  enlarged.  It  is  understood  that  the  present  plant  is  planned 
or  the  use  of  about  20,000  cubic  feet  per  second. 
The  power  outputs  and  water  consumptions  given  above  are  only 
approximate  and  the  gross  head  is  not  accurately  known,  so  the 
efficiency  of  the  plants  can  only  be  estimated  roughly.  At  the  time 
when  these  figures  were  compiled  the  total  fall  at  the  Soo  was  about 
19  feet.  Under  this  head,  with  100  per  cent  efficiency,  1  cubic  foot 
of  water  per  second  would  produce  2.16  horsepower.  Table  No.  13 
shows  the  efficiency  of  the  various  plants. 

Table  No.  13. — Present  operation,  SauU  Ste.  Marie  potoer  plants. 


Plsnt. 


United  States  Goveniinent 

)tcbifn  Northern  Power  Co. . 
Greti  Lakes  Power  Co 

Total  or  weighted  average 


Water 
used 

(cubic 
feet  per 
second). 


M,030 
90,000 
12,000 


43,030 


Power 
produced 
(horse- 
power). 


750 
35,000 
10»00O 


Horse- 
power 
per  cubic 
foot  per 
second. 


Orer-aU 

effi- 
ciency. 


0.73 
1.17 
1.58 


64,750 


1.27 


Per  cent. 
34 
64 

73 


50 


Including  500  cubic  feet  per  second  wasted. 


The  overall  efficiency  of  the  Government  plant  based  on  the  680 
cubic  feet  per  second  actually  passing  througn  its  turbines  is  65  per 
cent. 

In  photograph  No.  52  is  a  rear  view  of  the  Government  power 
house.   No.  68  is  of  the  canal  of  the  Michigan  Northern  Power  Uo. 


2.  CHICAGO   DRAINAGE    CANAL. 


Lockport  plant, — At  the  downstream  end  of  the  Chicago  Drainage 
Canal  6,800  cubic  feet  of  water  per  second  are,  on  the  average,  used 
in  the  production  of  hydroelectric  power.  The  use  of  this  water  is 
secondary  and  incidental  to  its  primary  use  in  diluting  the  sewage 
of  Chicago  under  the  present  disposal  system.  This  water  is  a  por- 
tion of  tnat  already  reported  in  Section  B  as  being  diverted  from 
Lake  Michigan  for  sanitary  uses. 

The  general  location  of  tne  power  house  is  shown  on  plate  No.  4. 

After  the  opening  of  the  Chicago  Drainage  Canal  in  1900,  the  sani- 
tary district  decided  to  develop  the  water  power  which  was  available 
at  its  lower  end.  As  the  bed  of  the  Des  JPlaines  Kiver  has  a  steep 
slope  immediately  below  the  controlling  works  at  Lockport,  the  canal 
was  extended,  mainly  by  rock  and  eartn  embankments,  2  nules  to  the 
present  site  of  the  power  house,  and  the  lock  and  spillways  beside  it, 
which  are  describea  in  Section  A  of  this  report.  The  channel  exten- 
sion has  a  depth  of  24  feet  at  lowest  prevailmg  stage  and  a  minimtun 
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width  of  160  feet.  The  total  drop  in  water  surface  from  Lake  Michi- 
gan to  the  Des  Plaines  River  below  the  power  house  is  about  45  feet 
at  extreme  low  water  in  the  Des  Plaines  jRiver.  Several  feet  of  head 
are  lost  in  the  canal,  the  loss  varying  with  the  volume  of  flow.  In  the 
years  1915-1917  the  maximum  head  was  41  feet,  the  minimum  26,  and 
the  mean  34.5  feet.  The  plant  began  to  generate  power  in  December, 
1907. 

The  power  house  contains  seven  units.  Each  unit  has  six  54-inch 
runners  placed  in  pairs  on  a  horizontal  shaft  submerged  in  an  open 
flume.  Access  to  the  bearings  is  obtained  through  steel  cofferdams  or 
manhole  shafts  extending  to  the  surface.  These  units  run  at  163 
revolutions  per  minute  and  are  rated  at  6,000  horsepower  each.  The 
generators  are  direct  connected  to  the  turbines.  They  generate  three- 
phase  alternating  current  at  6,600  volts,  60  cycles,  and  ai'e  rated  at 
4,000  kilowatts  each.  Each  generator  has  three  single-phase  trans- 
formers which  raise  the  voltage  to  44,000  volts. 

There  are  three  exciters,  rated  at  350  kilowatts,  250  volts,  driven 
by  three  small  turbines.  Space  is  reserved  for  the  installation  of  one 
more  of  the  large  units. 

Most  of  the  power  developed  is  transmitted  to  Chicago,  where  it 
carries  a  large  street  lighting  load  and  a  general  commercial  load.  A 
small  amount  is  distributed  at  6,600  volts  in  the  cities  of  Joliet  and 
Lockport.    During  the  year  1917  the  average  output  was  17^900  horse- 

Eower,  the  maximum  output  for  one  half-hour  period  being  32,100 
orsepower.  The  average  consumption  of  water  by  the  power  plant 
for  the  same  year  was  stated  by  the  chief  engineer  to  be  6,850  cubic 
feet  per  second,  the  minimum  consumption  for  any  half -hour  period 
being  2,380  cubic  feet  per  second. 

The  cost  of  the  power-development  plant,  including  the  2-mile 
extension  of  the  canal,  was  a  little  more  than  ^5,000,000. 

Photograph  No.  54  is  a  downstream  view  of  the  power  house  and 
No.  56  is  of  the  main  sector  dam  beside  the  power  house.  Attention  is 
also  called  to  Nos.  12  and  15,  given  previously. 

Joliet  flant, — The  water  passing  through  the  drainage  canal  power 
house  at  Lockport  is  used  again  by  plants  at  Joliet  and  Marseilles. 
At  Joliet  the  power  house  contains  32  turbines  of  various  sizes,  from 
48-inch  to  68-inch,  driving  10  generators  havjng  a  total  rated  ca- 
pacity of  3,740  kilowatts.  Both  alternating  and  direct  current  is 
produced  and  sold  for  general  commercial  and  lighting  loads.  The 
average  amount  of  water  used  is  reported  to  be  5,250  cubic  feet  per 
second  and  the  average  power  production  3,350  horse  power.  The 
dam  forms  part  of  the  Illinois  and  Michigan  canal  system  and  is 
owned  by  the  State  of  Illinois.  The  head  varies  from  9  to  13  feet, 
averaging  about  10  feet.  It  is  understood  that  the  water  power  is 
leased  from  the  State  by  the  Sanitary  District  of  Chicago.  The 
plant  formerly  was  the  property  of  the  Economy  Light  &  Power  Co. 

The  power  house  is  shown  on  photograph  No.  66.  A  view  of  the 
dam  has  been  given  as  photograph  No.  16. 

Marseilles  plant, — ^At  Marseilles,  111.,  there  is  a  dam  across  the 
Illinois  River  owned  by  the  Marseilles  Land  &  Water  Power  Co., 
affording  a  head  of  about  11  feet*  The  power  is  used  in  a  number  of 
plants,  partly  to  generate  electricity  and  partly  in  the  manufacture 
of  coarse  grades  of  paper.    Many  of  the  installations  are  old  and  of 


DA^RSION  OF  WATER  FROM!  GREAT  LAKES  AND  NIAGARA  RIVER.     195 

low  'efficiency.  The  capacity  of  these  plants  is  such  that  together 
they  use  the*  discharge  of  the  drainage  canal  and  most  of  the  ordi- 
nary flow  of  the  Illinois  River.  The  company  advertises  the  produc- 
tion 10,000  horsepower. 

Photographs  >ios.  57,  58,  and  59  show,  respectively,  the  Marseilles 
Dam,  the  largest  canal,  and  some  of  the  mills  and  power  houses 
along  the  river  below  the  dam. 

The  three  developments  described  above  are  the  only  ones  of  anv 
importance  using  tne  water  diverted  from  Lake  Michigan  through 
the  Chicago  Drainage  Canal.  The  horse  power  per  cubic  foot  per 
second  obtained  at  these  sites  is  estimated  to  be  roughly  as  follows : 

Lockport 2. 5 

Joliet ; .  6 

Marseilles  1 .  7 

Total 3.  8 

The  Ernst  Board  of  Engineers  proposed  for  the  Illinois  and 
Des  Plaines  Rivers  a  waterway  having  nine  locks  with  an  aggregate 
low-water  lift  of  130  feet,  including  all  lifts  up  to  Lake  Michigan 
level.  Of  this  total,  116  feet  were  available  for  water  power.  If 
this  project  was  developed  and  modem  hydroelectric  plants  installed, 
a  total  of  11  horsepower  per  cubic  foot  per  second  might  be  obtained. 

Ottawa  plant.— In  addition  to  the  three  plants  described,  there  is 
a  very  small  installation  at  Ottawa,  111.,  taking  water  from  a  branch 
oi  the  Illinois  and  Michigan  Canal.  This  plant  operates  eight  hours 
a  day,  using  about  120  cubic  feet  per  second  while  operating.  The 
head  is  28.9  feet.  The  power  developed  is  probably  between  200  and 
300  horsepower.  The  water  used  may  be  considered  as  being  fur- 
nished partly  by  the  natural  flow  of  Des  Plaines  River  and  partly 
by  diversion  from  Liake  Michigan  through  the  drainage  canal.  As 
already  pointed  out,  the  extreme  low-water  flow  of  the  Des  Plaines 
above  Joliet  is  only  7  cubic  feet  per  second. 

3.  WXLIiAXD  CANAL. 

The  diversion  from  Lake  Erie  through  the  Welland  Canal  for 
power  purposes  appears  to  be  approximately  3,400  cubic  feet  per 
second.  This  is  a  primary  use  oi  the  water,  as  it  is  diverted  from 
the  liake  Erie  level  of  the  canal  before  having  been  used  in  any  man- 
ner for  the  benefit  of  navigation.  In  fact  it  may  be  said  that  the 
diversion  is  slightly  detrimental  to  navigation  in  that  it  increases  the 
small  current  in  the  canal. 

On  plate  No.  6  is  a  map  of  the  Welland  Canal,  on  which  is  indi- 
cated the  power  plant  at  De  Cew  Falls,  and  showing  the  old  canal 
from  Thorold  to  Port  Dalhousie,  along  which  are  located  all  the 
other  power  plants. 

A  description  of  power  development  from  the  waters  of  the  Wel- 
land Canal  falls  naturally  into  two  parts.  The  one  treats  of  the 
diversion  of  the  De  Cew  Falls  plant  of  the  Hamilton  Cataract  Power, 
Light  &  Traction  Co.  This  is  a  large  modern  plant,  with  a  capacity 
of  over  50,000  horsepower.  Its  head  is  by  far  the  greatest  of  any 
plant  now  using  the  waters  of  the  Great  Lakes.  The  other  part  treats 
of  the  remaining  plants.  These  are  many  in  number,  but  of  small 
individual  importance,  developing  10  to  2,000  horsepower  each  under 
heads  of  from  8  to  23  feet.    Most  of  the  installations  are  old  and  in- 
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efficient  and  many  run  only  intermittently.    Their  total  cap^city 
does  not  amount  to  15,000  horsepower. 

De  Cew  Falls  plant. — The  De  Cew  Falls  plant  is  owned  by  the 
Hamilton  Cataract  Power,  Light  &  Traction  Co.  (Ltd.) ,  which  is  con- 
trolled through  stock  ownership  by  the  Dominion  Power  &  Transmis- 
sion Co.  (Ltd.).  The  latter  company  controls  all  the  electric  service 
companies  in  the  vicinity  of  Hamilton. 

The  water  used  by  tnis  company  leaves  Lake  Erie  at  Port  Col- 
borne  and  flows  down  the  Welland  Canal  to  Allanburg,  a  distance 
of  about  16  miles.  Here  it  enters  the  "old"  Welland  Canal  and 
shortly  thereafter  leaves  that  through  the  "  Government  measuring 
weir."  Thence  it  passes  through  ^ates  into  a  chain  of  shallow  ponds 
about  4  miles  long,  extending  to  the  top  of  the  Niagara  escarpment, 
in  the  vicinity  of  Be  Cew  Falls,  which  is  on  a  small  branch  of  Twelve- 
mile  Creek.  At  this  point  is  a  small  fore  bay  with  a  spillway  and 
rackhouse.  From  the  rackhouse  the  water  is  carried  down  the  slope 
of  the  escarpment  in  seven  long  steel  penstocks,  which  are  laid  on 
the  surface  of  the  ground  and  covered  with  wooden  housinors.  The 
oldest  one  is  7^  feet  in  diameter  and  the  others  are  6  feet  each. 

The  power  house  at  the  foot  of  the  escarpment  contains  two  groups 
of  machinery.  The  older  group  consists  of  four  horizontal-shaft 
units,  all  supplied  bv  the  T^-foot  penstock.  Two  of  these  have  tur- 
bines of  Italian  make,  each  driving  a  2,000-kilowatt  Westinghouse 
generator.  The  third  has  a  Voith  turbine,  and  its  generator  is  rated 
at  1.000  kilowatts.  The  fourth  unit  is  smaller,  being  a  turbine- 
driven  exciter.  The  newer  group  consists  of  six  units,  each  supplied 
by  one  of  the  6-foot  penstocks.  Each  consists  of  a  Voith  turbine, 
rated  at  8,000  horsepower,  and  a  6,000-kilovolt>-ampere  ^eneratoFj 
built  by  the  Canadian  General  Electric  Co.  Each  turbine  has  a 
double  runner  on  a  horizontal  shaft  in  a  single  scroll  case  and  double 
draft  tubes.  Each  unit  is  controlled  by  a  V oith  governor  operating 
wicket  gates.  Each  penstock  is  provided  with  a  synchronous  relief 
valve  actuated  by  the  governor  and  installed  on  a  short  by-pass  ex- 
tending from  the  penstock  at  the  scroll-case  connection  to  one  of  the 
draft  tubes.  A  similar  by-pass  to  the  other  draft  tube  is  pro- 
vided with  a  pressure-bursting  plate  relief.  The  current  is  generated 
at  2,400  volts,  3-phase,  66S  cycles  per  second,  a  very  unusual  fre- 
quency. 

From  the  draft  tubes  the  water  flows  through  a  tail-bav  into 
Twelvemile  Creek,  which  it  follows  for  2^  miles  to  the  old  Welland 
Canal  level,  just  below  Lock  No.  3,  at  St.  Catherines. 

Most  of  the  power  is  sold  in  Hamilton  and  its  neighborhood.  It 
is  transmitted  by  three  transmission  lines  with  steel  towers.  The 
transmission  voltage  is  50,000  volts,  and  the  distance  is  about  35 
miles.  In  Hamilton  is  a  large  steam  station,  which  helps  carry  the 
peak  loads.  At  present  the  daytime  load  of  this  plant  is  about  50,000 
horsepower.  At  night  it  is  approximately  45,000  horsepower,  and 
on  Sundays  it  is  somewhat  less. 

ITie  gross  head  on  this  plant  is  variously  given  at  260,  263,  264, 
and  268  feet.  The  most  authoritative  statement  is  probably  that  of 
Water  Powers  of  Canada,  published  in  1911  by  the  Canadian  con- 
servation commission.  On  page  90  is  the  statement  that  this  plant 
is  operated  "under  a  static  head  of  263  feet,  and  under  full  load 
each  penstock  has  an  operating  head  of  256  feet."    Presumably  this 
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means  the  net  bead  on  the  turbine.  From  tests  of  fairly  similar 
machines  of  the  Hydraulic  Power  Co.  at  Niagara  Falls  it  would 
appear  that  the  combined  efficiency  of  the  turbine  and  generators  at 
full  load  is  probably  about  82  per  cent.  The  power  produced  would 
then  be  23.8  horsepower  per  cubic  foot  per  second.  An  output  of 
50,000  horsepower  would  thus  require  a  oiversion  of  2,100  cubic  feet 
per  second. 

This  company  possesses  fire  leases,  which  together  entitle  it  to  a 
continuous  use  of  1,160  cubic  feet  per  second.  Out  of  this  quantity 
it  must  furnish  the  city  of  St.  Catherines  its  water  supply,  estimated 
at  25  cubic  feet  per  second.    The  leases  are  as  follows : 

ihitario  Government:  Bent  per  annum. 

Dec.  31,  3902,  700  cubic  feet  per  second $21,000 

Mar.  31.  1906,  300  cubic  feet  iier  wn-ond 9,  (KX) 

Robert  Cooper  lease,  r>ec.  15,  1909.  100  cubic  feet  i>er  second 413 

Townsend  prant.  date  unknown,  10  cubic  feet  per  second None. 

City  of  St.  Catherines'  lease,  date  unknown,  50  cubic  feet  per  second —  500 

It  appears  that  the  company  diverts  at  lea^st  940  cubic  feet  per 
second  more  than  is  covered  by  the  leases. 

Construction  of  the  plant  was  be^^m  in  1898  and  completed  about 
1908.  This  is  some  time  before  May  13,  1910,  the  date  on  which  the 
boinidaiy  waters  treaty  was  proclaimed.  It  appears  from  official 
reports  and  letters,  however,  that  the  plant  was  not  operating  at  full 
capacity  in  1910  or  earlier,  and  that  a  substantial  increase  in  the 
diversion  has  been  made  since  that  date. 

Welland  River  plants. — Of  the  water  that  enters  the  Welland  Canal 
from  Lake  Erie  a  certain  amount  is  spilled  into  the  Welland  River, 
part  at  Welland,  and  the  rest  at  Port  Robinson.  Part  of  this  water 
is  or  has  been  used  for  power  development.  The  1911  report  of  the 
commission  of  conservation  lists  one  development  of  25  horsepower 
at  Port  Robinson,  and  two  developments  at  Welland,  one  of  60  horse- 
power and  the  other  of  100  horsepower.  In  1918  the  amount  spilled 
at  these  two  places  was  estimated  by  the  Canadian  engineers  to  be 
440  cubic  feet  per  second. 

Plants  along  old  canal, — About  a  mile  above  Thorold,  in  the  side 
of  a  short  level  of  the  present  canal  between  the  guard  gates  and  Lock 
25,  is  a  submerged  outlet  through  which  a  regulated  flow  is  permitted 
to  escape  into  the  old  canal.  The  lower  level  of  this  sluice  is  shown  in 
photograph  No.  23.  From  this  point  to  Port  Dalhousie  along  the  old 
canal  there  are  25  locks,  with  a  total  fall  of  about  320  feet.  Power 
installations  exist  at  nearly  every  lock,  and  there  are  several  on  a 
raceway  at  Merritton,  which  is  Imown  as  the  "  hydraulic  raceway." 
In  1905  there  were  34  leases  of  water  rights  along  this  canal  still  in 
existence.  Most  of  these  were  very  old,  and  had  stipulated  rentals 
based  on  a  formerly  existing  flow  of  water  far  less  than  that  then  used. 
In  several  cases  either  the  rent  was  not  being  paid  or  else  some  other 
condition  of  the  lease  was  not  being  complied  with.  The  old  canal 
was  practically  not  used  at  all  for  navigation,  and  was  being  main- 
tained by  the  Province  for  the  benefit  of  the  water-power  interests, 
at  a  cost  exceeding  $20,000  per  annum,  while  the  revenue  from  rentals 
to  power  users  was  less  than  $9,000  per  annum.  In  1911  there  were 
24  developments  along  this  reach  listed  by  the  conservatism  com- 
mission. 

In  1918  a  hasty  reconnoissance  showed  a  large  number  of  small 
water  powers.    Some  were  operating  regularly,  some  were  apparently 
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abandoned,  while  others  appeared  to  have  suffered  destruction  of  the 
plant  by  fire.  There  seemed  to  be  18  developments,  used  by  13  con- 
cerns. The  Canadian  authorities  were  evidently  without  authentic 
record  of  the  present  owners  of  the  leases  or  of  details  of  the  develop- 
ments. They  estimated  the  total  flow  through  the  sluiceway  above 
Thorold  at  800  cubic  feet  per  second.  Below  Lock  3  this  flow  is  au^:- 
mented  by  the  2,100  cubic  feet  per  second  or  thereabout  which  comes 
down  Twelvemile  Creek  from  the  DeCew  Falls  plant.  The  entire 
flow  of  2,900  cubic  feet  per  second  is  available  for  power  development 
at  Lock  2  at  St.  Catharines  and  at  Lock  1  at  Port  Dalhousie.  The 
total  installed  power  is  perhaps  12,000  horsepower.  Inasmuch  as 
29,000  horsepower  or  more  could  be  developed  continuously  with  this 
diversion,  it  would  seem  that  more  than  60  per  cent  of  the  value  of  the 
diversion  was  wasted. 

To  gather  data  for  a  detailed  report  on  all  of  these  installations 
would  have  been  a  slow  and  expensive  procedure.  In  view  of  the 
relatively  small  volume  of  the  diversion  involved  it  was  considered 
that  such  a  report  would  not  have  a  value  commensurate  with  the 
labor  and  expense  of  compiling  it. 

Photograph  No.  25  shows  the  point  of  discharge  of  Twelvemile 
Creek  into  the  old  Welland  Canal.  No.  24  shows  Lock  3  of  the  old 
Welland.  No.  60  is  of  mills  developing  power  near  Lock  3.  No.  61 
is  of  mills  near  Lock  2. 

Table  No.  14. — Estimated  diversions  of  the  Welland  Canal,  in  cubic  fert  per 

second. 

Into  the  Welland  River 1 440 

Down  the  old  canal SCO 

To  the  Derew  Falls  plant 2, 125 

Total  avaUable  for  power 8,365 

For  navigation  only 1,  lOO 

Total 4,465 

The  estimated  diversions  of  the  Welland  Canal  are  given  in  table 
No.  14.  Of  this  about  40  cubic  feet  per  second  comes  by  way  of  the 
Port  Maitland  feeder  from  the  Grand  River,  a  tributar}-  of  Lake 
Erie.  The  remaining  4,425  comes  directly  from  Lake  Erie.  Four 
hundred  and  forty  cubic  feet  per  second  enters  the  Niagara  River 
above  the  falls  by  way  of  the  Welland  River  (Chippawa  Creek). 
The  remaining  4,025  enters  Lake  Ontario  at  Port  Dalhousie. 

4.    NEW   YORK   STATE   BARGE   CANAL. 

The  present  diversion  through  the  New  York  State  Barge  Canal 
of  Niagara  River  waters  for  power  purposes  is  approximately  500 
cubic  feet  per  second,  this  diversion  being  covered  by  permits  from 
the  Secretary  of  War  and  the  New  York  State  superintendent  of 
public  works.  In  addition,  power  is  developed  at  Lockport  from 
water  by-passed  around  the  locks  to  feed  the  lower  level  from  Lock- 
port  to  Lyons.  This  quantity  varies  considerably  and  may  reach  a 
maximum  of  approximately  1,500  cubic  feet  per  second. 

A  map  showing  the  barge  canal  routes  is  given  on  plate  No.  8.  On 
plate  No.  6  the  location  of  the  route  from  Niagara  River  to  Lockport 
is  shown  on  a  larger  scale.    A  series  of  photographs,  Nos.  29  to  46,  in- 
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elusive,  with  descriptive  notes  beneath,  is  given  by  way  of  illus- 
trating distinctive  features  of  the  canal. 

In  Section  A  of  this  report  there  has  already  been  ffiven  a  descrip- 
tion of  the  New  York  State  Barge  Canal,  and  an  explanation  that  its 
highest  level  is  at  the  western  end,  being  at  the  same  elevation  as  the 
Niagara  River  at  Tonawanda  and  receiving  a  supply  of  water  from 
Niagara  River  at  that  point.  About  500  cubic  feet  per  second  is 
diverted  into  Eighteenmile  Creek  at  Lockport,  and  on  down  the 
creek,  12  miles  toXake  Ontario  at  Olcott.  Whatever  part  of  the  re- 
mainder of  the  total  diversion  from  Niagara  River  is  hot  lost  by 
evaporation  or  seepage,  or  by  being  spilled  over  wasteways  along  the 
route,  is  eventually  discharged  down  the  Oswego  River  into  Lake 
Ontario. 

Power  developments  at  Lochport^  N,  Y, — At  Lockport  there  are 
three  conduits  or  channels  through  which  water  may  be  by-passed 
around  the  flight  of  locks,  from  the  upper  level  to  the  lower  level  of 
the  barge  canal.  One  is  the  waterway  of  the  small  hydroelectric 
plant  situated  between  the  old  and  new  flights  of  locks.  This  plant 
belongs  to  the  State  and  furnishes  electric  energy  for  lighting  and 
operating  the  locks.  Another  is  a  tunnel  on  the  north  side  of  the 
canal,  roughly  8  feet  wide,  12  feet  high,  and  1,600  feet  long,  extending 
from  a  point  just  above  the  old  locks  to  a  gatehouse  on  tne  brink  of 
the  high  bank.  From  there  two  penstocks  convev  the  water  down  to 
the  wheels  in  the  pulp  mill  of  the  United  Box  iBoard  &  Paper  Co. 
The  tunnel  and  appurtenances  belong  to  the  Hydraulic  Race  Co. 
The  third  passage  is  a  tunnel  about  15  feet  square  and  700  feet  long, 
which  is  on  the  south  side  of  the  barge  canal,  abreast  of  the  new 
locks,  and  leads  from  a  point  just  above  the  new  locks  to  a  small  high 
level  basin  within  concrete  retaining  walls.  It  belongs  to  the  State 
and  forms  part  of  the  State's  by-pass  for  discharging  water  from 
upper  level  to  lower  level  of  the  barge  canal.  Gates  in  the  basin 
control  the  flow  through  the  two  outlets,  one  of  which  is  the  remain- 
ing portion  of  the  State's  by-pass  and  consists  of  a  structural  steel 
flume  of  large  diameter,  about  250  feet  long,  extending  down  to  and 
out  over  the  lower  level.  The  otlier  outlet  from  the  small  basin  is  a 
surface  canal  about  20  feet  wide,  6  feet  deep,  and  2,800  feet  long, 
which  follows  the  side  of  the  steep  bank.  This  canal  is  the  property 
of  the  Hydraulic  Eace  Co.  The  drop  from  upper  to  lower  miter  sill 
of  the  new  locks  is  49.16  feet. 

The  State  hydroelectric  plant  has  an  installation  of  two  14-inch 
water  wheels  operating  under  an  effective  head  of  41.7  feet.  It  is 
estimated  that  the  maximum  possible  rate  of  consumption  of  water 
is  about  60  cubic  feet  per  second.  As  each  unit  is  capable  of  carry- 
ing the  entire  load,  and  a  unit  will  be  operated  only  when  necessary 
to  provide  power  for  locking  operations  or  for  lighting,  it  is  evident 
that  the  average  daily  consumption,  even  for  maximum  traffic  con- 
ditions on  the  canal,  will  be  less  than  20  cubic  feet  per  second. 

The  north  tunnel  of  the  Hydraulic  Race  Co.  supplies  two  double 
water  wheels  in  the  pulp  mill  of  the  United  Box  Board  &  Paper  Co. 
In  1917  the  flow  through  this  tunnel  was  measured  and  found  to  be 
407  cubic  feet  per  second.  At  that  time  the  water  level  in  the  barge 
canal  from  Tonawanda  to  Lockport  was  held  up  by  a  dam  at  Tona- 
wanda with  a  crest  elevation  of  570  feet,  barge  canal  datum.  The 
removal  of  this  dam  in  1918  brought  the  level  at  Tonawanda  down  to 
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that  of  the  Niagara  Eiver,  which  varies  with  the  stage  of  Lake  Erie 
at  Buffalo.    The  mean  stage  of  Lake  Erie  for  the  years  1860  to 
1910,  inclusive,  was  572.58  United  States  standard  datum.    The  cor- 
responding stage  at  Tonawanda  is  566.01  United  States  datum,  or 
667.14,  barge  canal  datum.    As  water  practically  always  flowed  over 
and  Tonawanda  dam,  a  lowering  of  a  little  more  than  2.86  feet  at  the 
mean  stage  given  is  therefore  indicated.    At  the  low  stage  at  565.5. 
barge  canal  datum,  at  Tonawanda.  at  which  the  limiting  depth  or 
the  canal  is  12  feet,  the  lowering  oi  the  level  is  4J  feet,    it  is  stated 
tliat  tliis  lowering  has  unwatered  the  upper  portions  of  the  north 
tunnel,  and  thereby  reduced  its  discharging  capacity.    At  50  per 
cent  efficiency,  which  seems  a  reasonable  estimate  tor  the  installation, 
the  power  produced  from  200  cubic  feet  per  second  of  water  acting 
under  50  feet  of  head  is  570  horsepower.    The  discharge  from  the 
water  wheels  which  are  fed  through  the  north  tunnel  may  be  turned 
into  the  lower  level  of  the  canal  or  into  a  flume  discharging  into  a 
basin  of  Eighteenmile  Creek  at  a  lower  level  and  north  of  the 
canal.     The  Hydraulic  Race  Co.  has  under  advisement  plans  for 
deepening  and  widening  the  upstream  half  of  the  tunnel,  abandon- 
ing the  downstream  half  ^  and  constructing  at  the  middle  point  a  new 
power  station  with  an  mstallation  of  two  1,500-horsepower  units. 
There  are  six  users  of  power  on  the  south  side  of  the  barge  canal 
who  draw  water  from  the  surface  canal  of  the  Hydraulic  Race  Co., 
and  discharge  it  into  the  lower  level  of  the  canal.    One  of  these 
users  owns  another  installation  not  now  in  use,  but  which  it  is  pro- 
posed to  put  into  service.     Assuming  over-all  efficiencies  for  the 
seven  plants  under  consideration,  and  assuming  also  that  in  each  case 
the  maximum  amount  of  power  that  can  be  produced  is  the  installed 
power  or  the  leased  or  granted  power  where  the  installed  amount  is 
not  known,  or  the  measured  amount  where  it  has  been  measured,  it 
has  been  computed  that  the  maximum  possible  present  use  of  water 
by  the  seven  plants  is  773  cubic  feet  per  second  and  the  maximum 
possible  present  development  of  horsepower  is  3,078.    The  name 
of  each  user  is  given  in  Table  No.  15,  together  with  the  assumed 
maximum  developable  power,  assumed  over-all  efficiency,  and  com- 
puted maximum  possible  use  of  water. 

Tabuc  No.  15. — Power  developments  on  south  headrace  at  Lockport,  N,  Y. 


No. 


2 
3 


4 

5 
6 
7 


Name  of  user. 


Lockport  Ligbt  Heat  &  Power  Co 

Total 

OriggBros.  Co 

Thompson  Milling  Co 

Total 

Trevor  Manufacturing  Co 

Western  Block  Co 

do 

Niagara  Emery  Mills  (Inc.) 

Total 


Assumed 
maximum 
horse- 
power. 


{ 


1,500 
500 


2,000 

75 

650 


2,725 

21 

135 

100 
97 


3,078 


Assumed 
percentage 
efficiency. 


80 
66 


70 
80 


50 
50 
40 
40 


Estimated 
use  of  water 
(cubic  feet 
per  second). 


331 
186 


467 

19 

144 


630 
8 

•48 
45 
42 


773 


Remarks. 


} 


Lease. 


Do. 
Grant  and  lease. 


Lease. 
Rated. 
Measured. 
Grant. 
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It  must  be  understood  that  the  above  given  efficiencies  and  quan- 
tities of  water  are  rough  estimates  believed  to  be  sufficiently  in  ac* 
cord  with  the  facts  for  the  investigation  in  hand.  The  use  of  water 
by  most  of  these  plants  is  intermittent  and  below  capacity. 

The  entire  use  of  water  by  the  Hydraulic  Race  Co.  at  present 
possible  is  approximately  200  cubic  feet  per  second  through  the  north 
tunnel  and  t78  cubic  feet  per  second  through  the  south  race,  a  total 
of  973  cubic  feet  per  second. 

Water  power  along  EighteennvUe  Creek. — Of  the  barge  canal  spill- 
ways on  the  long  level  from  Lockport  to  the  Genessee  Kiver  the  one 
having  the  greatest  length  of  waste  weir  crest  is  at  Lockport  over 
Eighteenmile  Creek,  a  Tittle  less  than  half  a  mile  below  the  locks. 
There  are  three  waste  gates,  each  3^  feet  square,  with  an  estiniated 
discharge  capacitv  of  600  cubic  feet  per  second  at  full  canal.  Eight- 
eenmile Creek,  wnich  is  a  very  small  stream,  passes  under  the  barge 
canal  at  the  spillway  in  a  culvert  and  flows  nearly  due  north  about 
12  miles  into  Xake  Ontario  18  miles  east  of  the  mouth  of  Niagara 
River.  Lieaving  the  culvert  the  creek  follows  a  narrow  gorge  for 
about  1^  miles  and  falls  something  like  140  feet  in  this  distance. 
Thence  for  6^  miles  to  the  town  of  Newf ane  it  winds  through  rather 
flat  country  with  a  fall  of  40  feet  or  thereaboute.  From  Newfane  to 
the  lake,  4  miles,  it  flows  between  banks  40  to  50  feet  high  and  falls 
approximately  70  feet.  At  present  there  are  six  water-power  devel- 
opments along  the  l^-mile  reach  just  north  of  the  canal  and  two  at 
Xewfane.  There  are  also  three  unused  sites,  all  of  which  have  been 
used  formerly,  and  one  site  with  6-foot  head,  which  apparently  never 
was  developedi.  The  12  sites,  developed  and  undeveloped,  are  listed 
in  Table  No.  16. 

Tabu  No.  16. — Power  sites  on  Eighteenmile  Creek, 


1 

Name  of  owner. 

Head 

(feet). 

InsUlled 
horse- 
power 

Esti-     ' 
mated 
prac^ 

tfcable   1 
horse- 
power 

installa- 
tion. 

Assumed 
percent- 
age eifi- 
dency. 

Esti- 
mated 
water 
required 
(cubic 
feet 

per 

second). 

Remarks. 

1 

United  Box  Board  &  Paper 
Co.  (L.  and  T.  Houston 
miU). 

United  Box  Board  A  Paper 
Co. 

Total 

30.4 
14.0 

1,400 

1 
80  !           500 

1 
50              750 

Undemsloped. 

2 

1600 

Developed. 

44.4 

12.1 
9.7 

2a5 
81.4 
34.2 

6.0 
9.5 

18.7 

8.9 
47.0 

Alleged  head  oon- 

3 

LoelrpQrt  Paner  Co 

fiSO 
280 

475 

sao 

1,200 

80 
05 

65 

500 
390 

320 

trolled. 
New  machinery. 

4 

Niagara  Paper  Mills 

'  Westerman&Co 

Average     horse- 

5 
0 
7 

8 
9 

10 

11 
12 

power  used,  200. 

65  ,           355 
70             440 

1 

Electric   Smelting   it   Alu- 
!     minumCo. 
Niagara  FarmerR  Co  

No  development. 

Locirport  Felt  Co.  (Horton 
MilUSite). 

Newfane  Lmnber  &  Manu- 
facturing Co. 

,  LockDort  Felt  Co 

400 

75             500 

60  ,           570 

50              475 
80             500 

Old    development 

abandoned  yean 

ago. 
JnoTuding  grist  mill 

of  FredOollinsA 

Son. 
Ix>ascd  to  Newfane 

529 

240 
1... ....... 

Western  New  York  Water  Co- 

1 

2,150 

Electric  C^. 
Undeveloped. 

1 

^Assumed,  not  reported. 
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Through  the  flat  lands  the  creek  has  a  maximum  discharge  capacity 
of  about  600  cubic  feet  per  second.  The  natural  low-water  flow  is 
negligible,  but  the  flood  flows  are  sufficient  when  added  to  a  supplv 
of  600  cubic  feet  per  second  from  the  barge  canal  to  cause  the  creek 
to  overflow  its  banks  through  the  flat  lands  and  damage  farms  and 
property.  The  State  of  New  York  has  appropriated  $2,600  for  a 
survey  of  this  portion  of  the  creek,  intending  to  increase  the  dis- 
charge capacity  by  straightening  and  widening.  The  water-power 
sites  listed  in  the  foregoing  table  follow  one  another  in  succession 
down  the  creek,  each  involving  the  use  of  the  same  water  but  under 
a  new  head. 

Medina  water  power. — At  Medina,  17  miles  east  of  Lockport  along 
the  barge  canal,  is  a  spillway  having  a  waste  weir  150  feet  long.  This 
is  second  in  length  of  the  13  spillways  of  the  long  level.  There  are 
also  six  waste  ^ates,  each  3  feet  square,  having  an  estimated  total 
discharge  capacity  of  1,000  cubic  feet  per  second.  The  spillway  is 
along  the  south  side  of  the  aqueduct  which  carries  the  canal  over 
Oak  Orchard  Creek.  Several  miles  south  of  the  canal  there  is  an  ex- 
tensive swamp  area  forming  the  headwaters  of  the  creek.  A  supply 
of  water  from  the  upstream  portion  of  Tonawanda  Creek  is  brought 
into  Oak  Orchard  Creek  above  Medina  through  a  feeder  canal  several 
miles  long.  The  combined  supply  formerly  was  fed  into  the  old 
Erie  Canal  through  a  short  feeder  at  Medina,  but  now  passes  down 
Oak  Orchard  Creek.  It  is  a  very  small  quantity  of  water  in  drv 
times.  Under  the  aqueduct  the  water  surface  elevation  of  the  creek 
is  approximately  482,  or  32  feet  below  the  spillway  crest  elevation 
of  614.  From  there  the  creek  flows  in  a  northeasterly  direction  19J 
miles  to  Lake  Ontario  through  a  gorge  whose  banks  are  20  to  90  feet 
high. 

The  natural  descent  of  the  stream  is  rather  rapid  at  first,  and 
becomes  more  gradual  toward  the  lake.  The  32-foot  drop  from  canal 
level  to  creek  at  the  aqueduct  is  developed  on  the  south  side  of  the 
canal  by  S.  A.  Cook  &  Co.,  who  use  the  water  intermittently  to  fur- 
nish power  for  a  plant  at  the  site.  From  the  aqueduct  to  Lake 
Ontario  the  Western  New  York  Utilities  Co.  owns  most  of  the  water 
rights.  This  company  has  two  dams  and  power  houses,  and  is  now 
constructing  a  third  dam  and  power  house.  The  most  upstream  dam. 
No.  1,  is  just  north  of  the  aqueduct.  The  head  is  30  feet,  and  the 
installation  one  460  horsepower  wheel.  At  65  per  cent  efficiency  the 
estimated  water  consumption  is  200  cubic  feet  per  second.  One  mile 
below  Dam  No.  1  is  Dam  No.  2.  There  is  a  storage  reservoir  of 
about  160  acres  behind  Dam  No.  2,  and  the  full  head  is  65  feet.  The 
installation  is  three  900-horsepower  units,  a  total  of  2,700  horsepower. 
At  80  per  cent  efficiency  the  water  consumption  would  be  460  cubic 
feet  per  second.  Fourteen  miles  downstream  from  Dam  No.  2  at 
Waterport,  4^  miles  upstream  from  the  lake,  Dam  No.  3  is  now 
being  constructed.  The  head  is  to  be  85  feet,  and  a  pond  of  approxi- 
mately 600  acres  will  be  formed,  extending  upstream  more  than  4 
miles.*^  The  full  development  contemplates  three  units,  each  of  2,800- 
horsepower  capacity.  At  80  per  cent  efficiency  and  full  load  the  three 
proposed  units  will  require  1,080  cubic  feet  per  second.  The  total 
head  to  be  developed  by  the  Western  New  York  Utilities  Co.  is  the 
sum  of  the  three  heads  given  above,  or  180  feet.  Between  Dam  No.  2 
and  the  head  of  the  pond  to  be  formed  behind  Dam  No.  3  is  a  fall  of 
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about  60  feet  in  nearly  10  miles.  Development  of  the  power  in  this 
reach  is  remotely  contemplated. 

Other  water  powers. — ^At  various  other  spillways  of  the  barge 
<;anal,  or  rather  of  its  predecessor,  the  Erie  Canal,  power  has  been 
developed  in  a  small  way,  partly  from  the  spill  and  partly  from 
the  natural  flow  of  the  small  streams  which  pass  under  the  canal 
prism  in  culverts  at  these  spillways.  It  is  understood  that  many 
of  these  plants  have  been  abandoned,  and  all  of  them  seem  likely 
to  be. 

The  barge  canal  crosses  the  Genesee  River  at  grade  in  the  city  of 
Rochester.  It  is  intended  that  the  canal  shall  abstract  from  the 
river  on  the  east  side  a  quantity  of  water  equal  to  that  contributed 
on  the  west  side,  neither  adding  to  nor  subtracting  from  the  river 
flow.  Below  this  crossing  there  are  four  falls  in  the  Genesee  River, 
pro\ading  a  total  head  oi  about  260  feet.  This  is  all  developed,  but 
much  of  it  not  very  efficiently.  The  total  installation  of  power- 
developing  machinery  is  54,850  horsepower. 

Beyond  the  Genesee  River  none  of  tne  water  diverted  from  Niagara 
River  is  used  in  power  development,  except  for  lighting  and  operat- 
ing locks,  until  the  Oswego  River  is  reached.  Here  whatever  rem- 
nant of  the  original  diversion  may  remain  is  utilized  in  the  develop- 
ments on  that  stream. 

The  small  State  hydroelectric  power  stations  along  the  portion  of 
the  Erie  branch  of  the  barge  canal  falling  within  tne  basin  of  the 
Great  Lakes  are  located  at  Cocks  Nos.  34,  33,  29,  28B,  28A,  27,  24,  23, 
51,  and  20.  Power  is  transmitted  from  No.  34  to  Xo.  35,  from  No.  33 
to  Xo.  32,  from  No.  29  to  No.  30,  and  from  No.  21  to  No.  22.  This 
power  is  used  only  for  operating  and  lighting  locks.  In  almost 
every  case  the  installation  consists  of  two  generating  units,  each  hav- 
ing a  50-kilowatt  250- volt  direct-current  generator.  The  maximum 
quantity  of  water  required  at  any  lock  probably  does  not  exceed 
100  cubic  feet  per  second,  and  that  requirement  is  intermittent. 

Table  No.  17  shows  the  existing  power  installations  on  the  Oswego 
River. 

Table  No.  17. — Power  installations  on  the  Oswego  River. 


Phoenix. 
Tulton.. 
^inetto. 
Oswego . 


Total. 


Place. 


Total    I       Power 
head.      installation. 


Pert.  HoTBtpowfr. 

10  2  3,000 

w  s  '  i:),ooo 

Ih.O  I  9,300 

44.6  i  4,000 


117.6 


31,300 


These  cover  the  entire  developable  head.  It  has  been  estimated 
by  a  State  legislative  committee  that  these  heads  may  be  developed 
to  yield  63,800  horsepower.  It  is  of  interest  to  note  that  because  of 
the  construction  and  operation  of  the  barge  canal  the  Oswego  River 
receives  about  50  cubic  feet  of  water  per  second  which  was  natunilly 
tributary  to  the  Hudson  River,  and  about  35  cubic  feet  per  second 
naturally  tributary  to  the  Susquehanna  River. 
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The  flow  from  Seneca  Lake  is  developed  at  Waterloo  under  a 
head  of  14.5  feet,  producing  1,000  horsepower,  and  again  at  Seneca 
Falls  under  a  head  of  49  feet,  producing  3,700  horsepower. 

Leases  and  permits, — Except  in  the  case  of  Lockport,  it  appears 
that  no  lease  has  ever  been  made  or  permit  granted  authorizing  the 
use  bjr  individuals  or  corporations  of  waters  of  the  western  part  of 
the  Erie  Canal  or  barge  canal,  from  Niagara  Eiver  on  down  along 
the  60-mile  level,  for  power  purposes.  Certain  other  users  claim 
rights  on  the  grounds  that,  having  for  many  years  used  water  which 
wasted  from  the  canal,  and  having  invested  capital  for  the  pur- 
pose, they  are  now  entitled  to  a  continuance  of  this  waste,  which 
the  State  must  furnish  them«  The  State  has  not  conceded  any  such 
rights,  and  some  time  ago  warned  the  users  that  such  waste  was  not 
likely  to  occur  from  the  new  barge  canal.  In  the  case  of  Lockport 
a  lease  was  made  January  25,  1826,  to  Bichard  Kennedy  and  Julius 
H.  Hatch,  in  consideration  of  an  annual  payment  of  $200  for — 

All  the  surplus  waters  which  without  Injury  to  navigation,  or  security  of 
the  canal,  may  be  spared  from  the  canal,  at  the  head  of  the  locks,  in  the  vUlage 
of  Lockport,  to  be  taken  and  drawn  from  the  canal  at  such  place  and  in  sucb 
manner,  and!  to  be  discharged  into  the  lower  level,  at  such  places  and  in  sucb 
manner  as  the  said  canal  commissioners  shall  from  time  to  time  deem  most 
advisable  for  the  security  of  the  canal,  and  for  the  convenience  of  the  naviga- 
tion thereof. 

In  1856  the  Lockport  Hydraulic  Co.  was  incorporated  for  a  50-year 
period,  and  became  the  assignee  of  a  part  of  the  rights  of  this  lease, 
which  were,  in  turn,  transferred  in  November,  1907,  to  the  Hydraulic 
Race  Co.,  which  was  incorporated  to  succeed  the  Lockport  Hydraulic 
Co.,  and  which  now  owns  the  rights  jointly  with  others  who  leased 
original  rights  prior  to  the  formation  of  the  Lockport  Hydraulic 
Co.  After  the  lease  had  been  in  existence  and  the  rent  paid  for  82 
years  the  canal  board,  on  December  31,  1908,  canceled  the  lease  in 
the  name  of  the  Hydraulic  Race  Co.,  intending  that  water  power  at 
the  locks  should  be  used  or  leased  on  different  terms  and  under 
different  conditions  after  the  reconstruction  of  the  canal  and  locks. 
Thereafter  the  State  comptroller  refused  for  six  successive  years 
to  accept  the  annual  rent  offered.  In  January,  1915,  the  courts 
sustained  the  validity  of  the  lease  and  granted  a  writ  of  mandamus 
compelling  the  comptroller  to  accept  the  rents.  Under  date  of  Sep- 
tember 1,  1896,  the  city  of  Lockport  obtained  a  permit  to  construct 
a  channel  for  the  purpose  of  taking  surplus  water  from  the  canal, 
but  this  was  canceled  February  2, 1897. 

On  August  16, 1907,  the  Secretary  of  War  granted  to  the  Lockport 
Hydraulic  Co.  a  revocable  permit — 

To  divert  water  of  the  Niagara  River  and  its  tributaries  from  the  Erie  Canal 
at  Lockport,  N.  Y.,  above  the  locks,  for  power  purposes,  not  exceeding  500  cubic 
feet  per  second. 

It  was  to  be  distinctly  understood  that  the  water  so  diverted  should 
be  returned  to  the  canal  below  the  locks,  and  that  this  permit  should 
inure  to  the  benefit  of  all  persons  and  corporations  then  using  i^id 
water  for  power  purposes,  whether  lessees  of  the  applicant  or  having 
the  right  to  be  furnished  by  it  with  water,  and  including  the  persons 
or  corporations  then  diverting  water  from  the  Erie  Canal  at  Eight- 
eenmile  Creek,  Middleport,  Medina,  Eagle  Harbor,  Albion,  Houey, 
and  other  places.     It  was  stipulated  that  no  right  was  to  be  under- 
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stood  as  conferred  without  the  consent  of  the  State  of  New  York, 
and  that  the  permit  was  subject  to  any  and  all  regulations  and  con- 
ditions to  be  imposed  by  the  State.  It  was  understood  that  the 
Lockport  Hydraulic  Co.  was  diverting  1,000  cubic  feet  per  second 
at  the  time,  500  cubic  feet  per  second  of  which  was  required  for  navi- 
gation purposes  below  the  locks,  and  500  cubic  feet  per  second  of 
which  was  being  used  by  persons  and  corporations  located  as  stated 
above.  The  purpose  of  the  grant,  as  in  the  case  of  the  permits  issued 
on  the  same  day  to  the  Niagara  Falls  Power  Co.  and  the  Niag- 
ara Falls  Hydraulic  Power  &  Manufacturing  Co.,  presumably  was 
to  prevent  the  grantees  from  sustaining  loss  and  not  to  provide  for 
any  future  development  not  then  actually  commenced.  Two  ques- 
tions have  since  arisen.  The  first  was  whether  or  not  the  permit 
which  was  made  out  to  the  Lockport  Hydraulic  Co.  could  be  as- 
signed to  the  successor,  the  Hydraulic  Kace  Co. 

The  second  was  in  regard  to  the  construction  of  the  permit  in  case 
more  than  500  cubic  feet  per  second  of  water  should  he  diverted  for 
navigation  uses  in  the  canal.  It  had  been  estimated  by  barge-canal 
engineers  that  the  new  canal  would  require  1,237  cubic  feet  i>er 
second.  The  opinion  was  expressed  that  the  500  cubic  feet  per  second 
granted  by  the  Secretary  of  War  was  to  be  diverted  only  in  such  part 
as  was  necessary  to  maxe  the  entire  diversion  around  the  locks  1,000 
cubic  feet  per  feecond.  Thus  in  case  1,000  or  more  cubic  feet  per 
second  were  diverted  for  navigation  purposes  there  would  be  none  of 
the  Federal  500  cubic  feet  per  second  diverted,  and  although  the 
Hydraulic  Kace  Co.  would  not  suffer,  being  so  situated  between  upp^r 
and  lower  canal  levels  as  to  develop  power  from  water  by-passed 
either  for  power  or  navigation  needs,  yet  the  users  of  water  power 
on  Eighteenmile  Creek  and  at  other  places  along  the  lower  level 
would  De  cut  off,  and  the  purpose  of  the  permit  would,  to  that  extent. 
be  frustrated.  Both  these  questions  were  passed  upon  by  the  Chiei 
of  Engineers  in  March,  1911,  and  his  opinion,  concurred  in  by  the 
Secretary  of  War  and  the  Judge  Advocate  General,  was  that  the 
grant  did  pertain  to  the  Hydraulic  Race  Co.,  and  that  it  should  be 
construed  by  conferring  the  right  to  divert  5(X)  cubic  feet  per  second 
independent  of  the  amount  required  for  navi^tion  purposes.  The 
permit  by  the  Secretary  of  War  has  been  extended  from  time  to  time, 
the  last  permit  being  dated  July  1,  1918. 

The  State  of  New  York  granted  to  the  Lockport  and  Newfane 
Mill  Owners  Association,  on  JN'ovember  26,  1913,  a  revocable  permit 
to  divert  from  the  Niagara  River  through  the  barge  canal  to  Lock- 
port  and  into  Eighteenmile  Creek  the  500  cubic  feet  per  second  of 
water  covered  by  the  Federal  permit,  the  association  to  pay  $7,600 
per  year  to  the  State  for  the  privilege  of  using  the  canal  as  a  race- 
way. The  permit  provides  for  pro  rata  deductions  from  the  pay- 
ment for  any  period  of  time  over  one  day  that  the  State  fails  to  ^- 
liver  the  water.  Provision  is  also  made  that  the  association  shall 
pay  the  cost  of  maintaining  an  inspector  of  the  works  involved  when 
the  superintendent  of  public  works  so  directs,  and  also  all  damages 
arising  from  the  diversion  of  this  water.  Practically  all  the  manu- 
facturers located  along  Eighteenmile  Creek  are  members  of  this  as- 
sociation, and  the  Hydraulic  Race  Co.  is  a  member.  The  proportion 
of  the  $7,500  paid  by  each  member  is  the  ratio  of  the  head  of  that 
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member's  plant  to  the  total  developable  head.  The  water  users  at 
Medina  and  other  points  beyond  Lockport,  not  being  members  of 
the  Lockport  and  Newfane  Mill  Owners  Association  (Inc.),  derive 
no  benefit  from  this  permit. 

During  the  period  from  1910  to  1918  the  State  was  engaged  in 
altering  and  improving  the  western,  end  of  the  Erie  Canal  to  make 
it  a  part  of  the  new  barge  canal  system.  This  work  included  remov- 
ing one  of  the  old  flights  of  five  locks  at  Lockport  and  building  a 
new  flight  of  two  larger  locks  on  the  same  site,  deepening  and  widen- 
ing the  canal  prism,  and  constructing  new  bridges,  walls,  aqueducts, 
and  other  structures.  In  order  to  carry  on  this  work  to  aavantage 
it  was  necessary  to  restrict  the  use  of  the  canal  for  several  years. 
At  times  traffic  was  completely  suspended  and  portions  of  the  lower 
level  were  dry.  The  water  power  users  at  Lockport,  Medina,  and 
elsewhere  were  seriously  affected  by  the  reconstruction.  By  means 
of  a  temporary  dam  constructed  across  the  canal  near  Exchange 
Street,  Lockport,  at  the  expense  of  the  Lockport  and  Newfane  Mill 
Owners  Association,  and  maintained  by  them  during  the  closed  sea- 
son of  navigation,  it  was  possible  for  water-power  users  at  Lockport 
and  on  Eignteenmile  Creek  to  operate  considerably  more  during  sev- 
eral seasons  than  they  otherwise  would  have  been  able,  while  con- 
struction work  progressed  on  the  lower  level. 

Records  kept  dv  the  Fiber  Corporation  show  that  in  1917  the  flow 
down  Eighteenmile  Creek  was  500  cubic  feet  per  second  on  137  days, 
nothing  on  20  days,  and  averaged  270  cubic  feet  per  second  on  the 
remaining  days,  supposedly  the  manufacturers  along  the  creek 
have  since  been  able  to  get  the  full  500  cubic  feet  per  second  i)er- 
mitted  whenever  they  cared  to  use  it.  At  times  of  storms  or  spring 
run-off,  it  is  necessary  to  reduce  this  quantity  so  that  the  total  dis- 
charge down  the  creek  shall  not  exceed  500  cubic  feet  per  second, 
as  otherwise  the  low  lying  farm  lands  may  be  damaged  by  flood, 

It  has  been  asserted  by  some  users  of  water  power  at  Lockport 
that  a  more  efficient  use  of  water  diverted  from  Niagara  River  for 

Eower  purposes  can  be  made  by  routing  them  via  barge  canal  to 
ockport,  and  Eighteenmile  Creek  to  Olcott,  than  at  Niagara  Falls. 
The  total  fall  in  water  surface  from  Tonawanda  to  Lake  Ontario  is 
4  feet  greater  than  it  is  from  Grass  Island,  at  the  intake  of  the 
Niagara  Falls  Power  Co.  to  Lake  Ontario ;  but  1.5  feet  of  this  dif- 
ference is  lost  getting  the  water  to  Lockport,  leaving  a  net  gain  of 
only  2.5  feet.  This  difference  is  soon  lost  in  getting  the  water  from 
one  plant  to  the  next  down  Eighteenmile  Creek.  Any  practicable 
future  development  along  the  creek  would  involve  similar  losses 
which  would  total  up  to  a  sum  sufficiently  large  to  make  the  net 
available  head  considerably  less  than  at  Niagara  Falls.  The  total 
developable  head  at  Lockport  and  Eighteenmile  Creek  is  stated  to 
be  286.5  feet,  and  this  appears  to  be  a  liberal  estimate.  The  members 
of  the  Lockport  and  Newfane  Mill  Owners  Association  seem  anxious 
to  develop  this  head  efficiently  if  assured  of  a  reasonably  constant 
supply  of  water.  At  Niagara  Falls  a  head  of  304  feet  is  readily 
developable.  The  total  head  at  present  developed  and  used  is  212 
feet  at  Niagara  Falls,  and  less  than  175  at  Lockport  and  Eighteen- 
mile  Creek.  It  has  been  stated  that  difficulty  with  ice  caused  more 
power  interruptions  at  Niagara  Falls  than  at  Lockport.    Even  if  so, 
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the  argument  does  not  carry  much  weight  because  on  the  average 
for  a  number  of  years  the  power  loss  from  ice  troubles  is  small  at 
Niagara  Falls. 

5.  BLACK  ROCK  CANAL. 

Xo  water  diverted  down  the  Black  Rock  Canal  is  now  used  for 
power  purposes.  In  the  early  days  of  the  canal  there  were  two 
grist  mills  near  the  present  Black  Kock  Lock,  which  operated  under 
a  head  of  about  5  feet.  These  were  abandoned  many  years  ago.  Un- 
til 1918  the  water  used  from  the  Erie  Canal  for  power  at  Lockport, 
X.  Y.,  and  on  down  the  60-mile  level  was  diverted  from  Lake  Erie 
through  the  Black  Bock  Canal  into  the  Erie  Canal  at  Buffalo. 

6.  CANADIAN  AND  UNITED  STATES  POWER  PLANTS  AT  NIAGARA  FALLS. 

The  present  diversions  of  Niagara  River  water  for  power  devel- 
opment at  Niagara  Falls  are  on  the  United  States  side,  about  17,600 
cubic  feet  per  second,  and  on  the  Canadian  side  probably  about 
33,3(X).  This  gives  a  total  for  both  sides  of  50,900  cubic  feet  per 
second.  This  water  is  diverted  from  the  river  not  more  than  IJ 
miles  above  the  Falls  and  returned  to  the  river  within  less  than  a 
mile  of  the  foot  of  the  Falls. 

Developments  are  now  in  progress  on  both  sides  of  the  river. 
That  on  the  United  States  side  is  at  the  hvdraulic  plant  of  the 
Xiagara  Falls  Power  Co.  It  will  make  possiole  the  use  of  the  full 
19,500  cubic  feet  per  second  allotted  this  company,  and  leave  con- 
siderable reserve  capacity  in  addition.  On  the  Canadian  side  there 
are  two  developments  under  way.  One  is  an  extension  of  the  plant 
of  the  Ontario  Power  Co.,  now  owned  by  the  Hydro-Electric  Power 
Commission  of  Ontario,  which  it  is  estimated  will  increase  the  water 
consumption  of  that  plant  approximately  2,1(K)  cubic  feet  per  second. 
The  other  is  an  entirely  new  develoj)ment  of  the  entire  head  of  the 
Falls  and  rapids,  designed  to  divert  10,000  cubic  feet  of  water  per 
second. 

Reference  is  here  made  to  the  description  of  Niagara  River  in 
Section  A  of  this  report,  to  Plates  Nos.  13  and  14,  and  to  the  photo- 
graphs of  Falls  and  rapids  accompanving  Appendix  C. 

Limitations  on  the  use  of  water. — I'he  period  from  1800  to  1906 
was  a  time  of  great  waterpower  development  at  Niagara  Falls. 
Within  that  period  all  the  present  powerhouses  were  begun.  A  num- 
ber of  other  development  schemes  were  advanced  and  several  com- 
panies were  chartered.  The  sum  of  the  diversions  proposed  by  those 
companies  amounted  to  a  very  considerable  portion  of  the  whole  flow 
of  the  river.  It  was  felt  that  such  unregulatcfd  appropriation  of  the 
water  of  the  Falls  might  well  cause  irremedial  damage  to  their  scenic 
beauty  and  a  widespread  agitation  arose  to  prevent  such  an  occur- 
rence. At  the  request  of  Congress  the  International  Waterways 
Commission  made  an  investigation  and  recommended  that  the  diver- 
sions be  limited  by  legislation  or  treaty. 

On  June  29,  1W)6,  the  Burton  Act  was  passed.  This  provided'  fbr 
the  issuance  by  the  Secretary  of  War  of  permits  of  the  following 
four  classes : 

First.  Permits  to  divert  water  from  the  Niagara  River  on  the- 
American  side  to  present  users  to  an  aggregate  not  exceeding  15,600- 
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cubic  feet  per  second,  or  8,600  cubic  feet  per  second  to  one  com- 
pany. 

Second.  Revocable  permits  to  divert  additional  water  from  the 
Niagara  River  on  the  American  side  to  such  amount,  if  any,  as  shall 
not  injure  the  river  as  a  navigable  stream  or  as  a  boundary  stream, 
and  shall  not  injure  the  scenic  grandeur  of  Niagara  Falls,  and  not 
until  the  15,600  cubic  feet  allotted  has  been  used  for  six  months. 

Third.  Permits  to  transmit  electrical  power  from  Canada  into 
the  United  States  to  the  aggregate  amount  of  160,000  horsepower. 

Fourth.  Revocable  permits  for  the  transmission  of  additional 
electrical  power  from  Canada  into  the  United  States,  but  in  no  case, 
together  with  the  100,000  horsepower  mentioned  above  and  the 
amount  generated  and  used  in  Canada,  to  exceed  a  total  of  350,000 
horsepower. 

In  accordance  with  the  provisions  of  this  act  the  Secretary  of  War 
granted  permits  of  the  first  and  third  types  mentioned  above,  as 
follows : 

Cubic  feet 
Diversion  of  water  from  Niagara  River :  per  eeoond. 

Aug.  16,  1907.  To  the  Niagara  Falls  Power  Co 8.  eOO 

Aug.  16,  1907.  To  the  Niagara  Falls  Hydraulic  Power  &  Manu- 
facturing Co.  (later  the  Hydraulic  Power  Co.) 6,500 

Aug.  16,  1907.  To  the  Lockport  Hydraulic  Co.  (later  the  Hydraulic 

Race   Co.) 500 

Total, 15.000 

Importation  of  electric  energy  from  Canada :  Horsepower. 

Aug.  16,  1907.  To  the  Ontario  Power  Co 60,  OCX) 

Aug.  16,  1907.  To  the  Canadian  Niagara  Power  Co 52,'500 

Aug.  17,  1907.  To  the  Electrical  Development  Co.    (now  Toronto 

Power   Co.) 46,000 

Total 158, 500 

A  reservation  of  1,500  horsepower  to  be  imported  was  made  for 
the  International  Railway  Co.,  but  no  permit  was  ever  granted,  be- 
cause the  company  was  unable  to  obtain  the  necessary  Canadian 
license. 

The  quantities  of  water  stipulated  were  such  as  the  respective  com- 
panies considered  necessary  for  operating  to  full  capacity  the  plants 
then  completed  or  actually,  under  construction. 

The  Burton  Act  would  have  expired  by  limitation  on  June  29, 
1909,  but  it  was  extended  to  June  29,  1911,  by  joint  resolution  of 
Congress,  approved  March  3,  1909.  On  June  29,  1911,  the  act  ex- 
pired by  limitation,  but  it  was  esctended  by  joint  resolution  on  August 
22,  1911 ;  expired  again  March  1,  1912 ;  was  extended  again  April  5, 
19).2;  and  expired  finally  March  4,  1913. 

Section  4  of  the  Burton  Act  requested  the  President  to  negotiate 
a  treaty  with  Great  Britain  on  this  subject.  This  was  done,  and  the 
treaty  was  ratified  Mav  5,  1910.  By  its  provisions  this  treaty  was 
to  remain  in  force  for  five  years  from  date  of  ratification,  and  there- 
after until  terminated  by  12  months'  written  notice  from  either 
party.    No  such  notice  has  been  given. 

Article  5  of  the  treaty  makes  the  following  stipulations  respecting 
the  waters  of  Niagara  River : 
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Article  V. 

The  high  contracting  parties  agree  that  it  is  expedient  to  limit  the  diversion 
of  waters  from  the  Niagara  River  so  that  the  level  of  Lake  Erie  and  the  flow 
of  the  stream  shall  not  be  appreciably  affected.  It  is  the  desire  of  both  parties 
to  accomplish  this  object  with  the  least  ix)ssible  injury  to  investments  whidi 
have  already  been  made  in  the  construction  of  power  plants  on  the  United  States 
side  of  the  river  under  grants  of  authority  from  the  State  of  New  York,  and  on 
the  Canadian  side  of  the  river  under  licenses  authorized  by  the  Dominion  of 
Canada  and  the  Province  of  Ontario. 

So  long  as  this  treaty  shall  remain  in  force  no  diversion  of  the  Niagara  River 
above  the  Falls  from  the  natural  course  and  stream  thereof  shall  be  permitted 
except  for  the  purposes  and  to  the  extent  hereinafter  provided. 

The  United  States  may  authorize  and  permit  the  diversion  within  the  State 
of  New  York  of  the  waters  of  the  said  river  above  the  Falls  of  Niagara,  for 
power  purposes,  not  exceeding  in  the  aggregate  a  daily  diversion  at  the  rate  of 
20,000  cubic  feet  of  water  per  second. 

The  United  Kingdom,  by  the  Dominion  of  Canada,  or  the  Province  of  Ontario, 
may  authorize  and  permit  the  diversion  within  the  Province  of  Ontario  of  the 
waters  of  said  river  above  the  Falls  of  Niagara,  for  power  purposes,  not  exceed- 
ing in  the  aggregate  a  daily  diversion  at  the  rate  of  36,000  cubic  feet  of  water 
per  second. 

The  prohibitions  of  this  article  shall  not  apply  to  the  diversions  of  water  for 
sanitary  or  domestic  purposes  or  for  the  service  of  canals  for  the  purposes  of 
navigation. 

The  treaty  also  created  an  International  Joint  Commission,  com- 
posed of  three  commissioners  from  each  country,  for  the  settlement 
of  minor  difficulties  concerning  boundary  waters  and  kindred  mat- 
ters and  to  investigate  and  report  upon  such  questions  regarding 
boundary  waters  as  might  from  time  to  time  be  referred  to  it. 

During  the  operation  of  the  Burton  Act  the  permits  of  the  various 
companies  were  interpreted  to  limit  the  maximum  diversion  at  any 
moment.  When  the  Burton  Act  expired  on  March  4,  1913,  the  com- 
panies ran  as  they  pleased,  and  somewhat  in  excess  of  the  old  per- 
mits, until  it  was  decided  that  the  Secretary  of  War  had  authority 
to  limit  the  American  diversions  under  sections  10  and  12  of  the 
river  and  harbor  act  of  March  3,  1899.  The  companies  were  in- 
formed by  the  Chief  of  Engineers  on  July  19, 1913,  that — 

For  the  present  no  objection  is  being  made  by  the  War  Department  of  existing 
diversions  so  long  as  the  daily  average  does  not  exceed  that  of  the  permits  and 
diversion  limits  which  existed  last  year  under  the  Burton  Act. 

The  companies  continued  their  operations  on  the  basis  of  this  in- 
formation until  May  28,  1914,  when  they  were  notified  by  the  Secre- 
tary of  War  tha^;  the  maximum  limitations  of  diversions  were  inter- 
preted as  relating  not  to  the  daily  average  quantity  diverted,  but  to 
the  quantity  diverted  at  any  moment.  This  status  continued  up  to 
December,  1915. 

In  the  winter  of  1915-16  the  growing  demand  for  electric  power 
in  Buffalo  caused  a  serious  shortage  of  power  there  during  the  even- 
ing hours.  The  Buffalo  General  Electric  Co.  was  building  a  new 
steam  plant  to  relieve  the  situation,  but  it  could  not  begin  supplying 
power  from  this  station  for  some  months.  No  formal  permit  for 
additional  diversion  was  granted,  but  because  of  the  emergency  the 
Secretary  of  War  decided  to  raise  no  objection  to  an  excess  diversion 
by  the  Niagara  Falls  Power  Co.  not  to  exceed  1,000  cubic  feet  per 
second  between  the  hours  of  4  p.  m.  and  7  p.  m.  during  the  months 
of  December,  1915,  and  January  and  February,  1916. 
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During  the  following  spring  the  power  shortage  in  Buffalo  became 
worse  and  on  May  25,  ^16,  the  Secretary  of  War  permitted  the 
diversion  of  the  Niagara  r  alls  Power  Co.  to  be  increased  sufficiently 
to  meet  the  demands  of  existing  customers  of  the  Buffalo  General 
Electric  Co.,  which  could  not  otherwise  be  supplied.  It  was  pro- 
vided that  such  power  should  only  be  furnished  when  it  was  indis- 
pensably necessary,  and  should  not  exceed  12,000  horsepower  in 
addition  to  that  generated  under  the  old  permit.  This  diversion  was 
to  be  permitted  only  until  December  31,  1916.  The  privilege  was 
made  use  of  from  July  26^  1916,  to  December  31,  1916. 

On  January  19, 1917,  a  joint  resolution  of  Congress  was  approved, 
authorizing  the  Secretary  of  War  to  issue  revocable  permits  for  the 
additional  diversion  of  water.  Permits  were  issued  to  the  Hy- 
draulic Power  Co.  for  8,786  cubic  feet  per  second  and  to  the  Niagara 
Falls  Power  Co.  for  10,000  cubic  feet  per  second.  These  increases 
of  the  diversion  were  made  because  of  the  shortage  of  power  in  the 
Niagara  frontier  district,  and  the  great  importance  of  the  munitions 
industries  dependent  upon  Niagara  power.  They  expired  on  June 
30,  1917,  but  were  extended  one  year  by  another  joint  resolution. 
On  July  1,  1918,  the  Secretary  of  War  issued  new  permits  under 
authority  of  a  joint  resolution  of  June  29,  1918.  These  gave  9,500 
cubic  feet  per  second  to  the  Hydraulic  Power  Co.  and  10,000  cubn! 
feet  per  second  to  the  Niagara  Falls  Power  Co.  until  July  1,  1919. 
Under  these  permits,  and  wie  additional  one  allotting  500  cubic  feet 
per  second  to  the  Hydraulic  Race  Co.  of  Lockport,  the  whole  20,000 
cubic  feet  per  second  authorized  by  the  treaty  is  made  available, 
and  the  companies  are  able. to  utilize  the  full  capacity  of  their 
plants. 

When  the  first  permits  were  granted  in  1906  the  Niagara  Falls' 
Power  Co.,  with  its  tenant,  the  International  Paper  Co.,  was  already 
using  nearly  the  full  8,600  cubic  feet  per  second  granted,  and  con- 
tinued to  use  about  this  amount  until  1916,  when  it  was  increased 
by  temporary  permits.  For  the  last  two  years  the  diversion  by  this 
company  has  usually  been  between  9,000  and  10,000  cubic  feet  per 
second. 

In  1906  the  Hydraulic  Power  Co.  and  its  tenants  was  diverting 
only  about  2,500  cubic  feet  per  second.  As  the  installation  of  new 
units  proceeded  this  amount  was  gradually  increased  until  by  the 
end  of  1911  nearly  the  full  6,500  of  their  permit  was  being  used. 
The  diversion  continued  to  exceed  6,000  until  the  tegnporary  permits 
of  January,  1917,  allowed  it  to  attain  its  present  value  of  nearly 
9,000  cubic  feet  per  second. 

Supervision  of  the  importation  of  electrical  energy  from  Canada 
terminated  with  the  final  expiration  of  the  Burton  Act. 

In  Canada  there  has  been  no  legislation  limiting  the  diversion  on 
that  side. 

Canadian  Niagara  Potoer  Co, — IThis  company  is  controlled  by  the 
Niagara  Falls  Power  Co.,  which  owns  all  the  bonds  and  all  but  a 
few  shares  of  the  stock.  The  capital  stock  is  $3,000,000,  of  which 
$2,939,600  is  outstanding.  The  bonded  debt  is  6,480,000,  covered  by 
three  issues  of  6  per  cent  debenture  bonds.  The  diversion  from  Ni- 
agara River  by  this  company  is  estimated  to  be  9,600  cubic  feet  per 
second. 
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The  company  operates  under  a  lease  from  the  Queen  Victoria 
Niagara  Falls  !rark  Commissioners,  dated  May  1, 1899,  havinpr  a  life 
of  50  years  and  renewable  for  three  further  periods  of  20  years  each, 
with  the  provision  that  the  lieutenant  governor  in  council  may  re- 
quire a  fourth  renewal  for  a  term  of  aO  years.  The  company  is 
bound  by  the  lease  to  pay  an  annual  rental  of  $15,000  for  generating 
any  power  up  to  10,000  horsepower,  $1  per  horsepower  for  all  power 
between  10,000  and  20,000  horsepower,  75  cents  per  horsepower  for 
all  power  between  20,000  and  30,000  horsepower,  and  50  cents  per 
horsepower  for  all  power  above  30,000  horsepower.  Thus,  for  an 
output  of  100,000  horsepower,  which  is  approximately  the  quantity 
now  generated,  the  annual  rental  is  67^  cents  per  horsepower  per 
annum.    The  rentals  may  be  adjusted  at  each  renewal  of  tne  lease. 

The  plant  of  the  Canadian  Niagara  Power  Co.  was  the  first  hydro- 
electric development  on  the  Canadian  side  at  Niagara  Falls.  As 
early  as  1889  the  American  capitalists  interested  m  the  Niagara 
FaUs  Power  Co.  made  unsuccessful  overtures  to  the  Commissioners 
of  Queen  Victoria  Niagara  Falls  Park.  Later,  English  capitalists 
secured  for  $10,000  an  option  to  develop  power  in  the  park,  and  re- 
newed the  option  for  a  second  year  for  $10,000.  The  option  finally 
expired  March  1,  1892.  English  and  American  capitalists  then  com- 
bined and  secured  from  the  park  commissioners  on  April  7,  1892, 
the  exclusive  right  to  utilize  the  waters  of  the  Niagara  River  for 
power  development  within  the  limits  of  the  park.  During  the  same 
month  the  Ontario  Legislature  confirmed  this  agreement  and  incor- 
porated the  Canadian  Niagara  Power  Co.  At  a  later  date  the  legis- 
lature passed  an  act  conferring  on  the  park  commissioners  authority 
to  negotiate  with  the  company  for  the  surrender  of  the  exclusive 
privileges  granted;  and  on  Jiily  15,  1899,  the  company  abandoned 
the  exclusive  rights  in  return  for  certain  concessions.  Still  fui-ther 
restrictions  were  placed  upon  the  company's  operations  on  June  19, 
1901,  when  it  obtained  an  extension  of  the  time  limit  within  which 
to  construct  its  works. 

Under  its  statutory  rights  the  company  is  not  limited  in  its  pro- 
duction of  power,  nor  as  to  the  amount  of  water  which  it  may  with- 
draw from  the  river.  Its  plans,  however,  are  subject  to  the  appro- 
val of  the  park  commissioners,  and  those  already  approved  call  for 
an  installation  of  11  units  of  11,000  horsepower,  nominal  canacity, 
each  operating  under  a  head  of  approximately  141  feet.  ()n  the 
basis  of  the  nominal  power  of  such  an  installation,  and  under  the 
further  assumption  that  one  unit  would  always  be  held  as  a  spare, 
it  was  computed  in  the  year  1906,  or  thereabouts,  that  the  probable 
consumption  of  water  would  be  9,500  cubic  feet  per  second. 

Construction  of  the  plant  was  commenced  in  1901.  The  first  power 
was  produced  in  January,  1905,  and  the  tenth  unit,  the  last  to  be 
installed,  was  placed  in  service  in  1916. 

The  location  and  general  layout  of  this  plant  is  shown  on  the  map 
on  Plate  No.  13. 

In  general  the  main  features  of  this  plant  are  very  similar  to 
those  of  the  plant  of  the  Niagara  Falls  Power  Co.  There  is  a  short 
fore  bay  leading  to  a  power  house  600  feet  long  by  110  feet  wide. 
Under  the  power  house  and  running  nearly  its  entire  length,  is  a 
narrow,  deep  wheel  pit.    From  the  bottom  of  this  pit,  at  one  end,  a 
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tailrace  tunnel  about  2,200  feet  long  leads  to  the  Maid-of-the-Mist 
pool  beyond  the  Falls. 

The  water  for  this  plant  is  diverted  at  the  Canadian  shore  of  the 
rapids,  about  a  quarter  of  a  mile  upstream  from  the  Horseshoe  Falls, 
through  an  opening  about  870  feet  wide  and  15  feet  deep.  This 
opening  has  recently  been  fitted  with  a  set  of  submerged  arches  to 
keep  out  ice.  The  fore  bay  has  a  length  of  270  feet  and  a  depth  of 
14  or  15  feet.  From  the  entrance  described  above  it  narrows  to  a 
width  of  282  feet,  at  which  point  it  is  crossed  by  a  highway  and  elec- 
tric railway  bridge.  It  then  widens  to  a  width  of  526  feet  along  the 
face  of  the  power  house.  A  row  of  submerged  arches  in  the  wall  of 
the  power  house  admits  the  water  to  a  small  inclosed  fore  bay  within 
the  building.  Here  it  passes  through  racks  and  enters  the  10  pen- 
stocks. From  the  northwest  corner  of  the  outer  for©  bay  an  ice  run 
leads  to  the  river. 

The  hydraulic  machinery  is  under  the  power  house  in  a  wheelpit 
564  feet  long  and  18  feet  wide,  with  a  mean  depth  of  160  feet.  rOie 
penstocks  are  of  steel,  10.2  feet  in  diameter.  They  enter  the  pit 
almost  horizontally,  and  descend  vertically  down  the  pit  to  the  tur- 
bine deck,  where  they  make  a  right  angled  turn  and  enter  the  tur- 
bines 116  feet  below  tne  fore  bay  level. 

The  10  turbines  are  of  three  different  types.  The  five  constituting 
the  original  installation  are  inward-flow  wneels  with  double  runners. 
The  two  runners  are  on  a  common  vertical  shaft  and  discharge  into 
a  cast-iron  draft  chest  between  them  from  which  the  two  draft  tubes 
lead.  The  runners  are  of  bronze  and  are  5  feet  4  inches  in  diameter. 
The  consumption  of  water  is  regulated  by  cylinder  gates.  Each  tur- 
bine has  two  draft  tubes  5  feet  3  inches  in  diameter  and  about  60 
feet  long.    These  units  are  rated  at  10,000  horsepower  each. 

Two  other  units  are  of  similar  design  but  are  rated  at  12,500  horse- 
power, and  are  each  provided  with  three  draft  tubes.  The  remaining 
three  units,  also  rated  at  12,500  horsepower,  are  of  more  modern  de- 
sign, with  single  runners  and  single  draft  tubes.  These  last  five  tur- 
bines have  scroll  cases  and  cylinder  gates. 

The  tailrace  formed  by  the  bottom  of  the  wheel  pit  is  18  feet 
wide  and  about  32  feet  deep  at  the  north  end,  from  which  the  bottom 
slants  up  on  a  3  per  cent  grade  to  the  south.  The  draft  tubes  enter 
its  sides  at  an  angle  of  45°  a  few  feet  above  the  bottom.  At  the 
north  end  is  a  gate  for  use  when  only  a  few  units  are  operating  to 
prevent  the  draft  tubes  becoming  unsealed. 

From  the  north  end  of  the  tail  race  the  water  is  carried  away  by  a 
tail-race  tunnel  2,164  feet  long.  Its  cross-section  is  of  the  horseshoe 
type,  25  feet  high  and  18  feet  10  inches  greatest  width.  It  is  lined 
with  concrete  with  a  facing  of  brick.  The  tunnel  has  a  descending 
grade  of  7  feet  per  1,000,  except  near  the  portal  where  ot  falls  11.2 
feet  in  103  feet  by  a  reverse  vertical  curve  with  a  radius  of  248  feet. 
The  greater  part  of  this  portion  is  lined  with  granite  blocks.  The 
mean  velocity  through  this  tunnel  is  about  24  feet  per  second.  The 
portal  is  at  the  water  surface  in  the  Maid-of-the-Mist  Pool  a  few  hun- 
dred feet  from  the  Canadian  end  of  the  Horseshoe  Fall. 

The  generators  are  of  the  vertical  shaft  type  with  internal  revolv- 
ing fields.  They  are  connected  with  the  turbine  bv  hollow  steel  shafts 
3  feet  4  inches  inside  diameter,  except  at  the  bearings,  where  the 
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shafts  are  solid  and  of  smaller  diameter.  The  first  five  generators 
are  rated  at  10,000  hoi'sepower  each,  and  the  other  five  at  12,500  horse- 
power each.    They  operate  at  25  cycles  per  second. 

Alcoves,  or  chambers,  in  the  rock  beside  the  wheel  pit  at  the  ele- 
vation of  the  turbines  contain  the  eight  exciters,  rated  at  267  horse- 
power each.  A  similar  chamber  contains  a  pumping  system  for  sup- 
plying cooling  water  to  the  transformers. 

^he  oil  switches  and  other  auxiliaries  are  operated  electrically 
from  a  switchboard  in  the  power  house.  The  power  house  is  con- 
nected by  an  underground  conduit  line  to  a  large  transformer  house 
about  2,000  feet  south  of  the  power  house.  This  contains  15  trans- 
formers rated  at  1,675  horsepower  each,  and  6  rated  at  5,850  horse- 
power each.  These  can  be  connected  to  give  either  22,000,  33,000. 
38,500,  or  57,300  volts.  The  output  of  the  transformer  station  is  used 
chiefly  for  transmission  to  Buffalo  at  22,000  volts  over  a  pole  line  16 
miles  long,  including  a  river  crossing  of  2,193  feet  span  between  Fort 
Erie,  Ontario,  and  Buffalo.  Another  underground  conduit  line 
crosses  the  Upper  Steel  Arch  Bridge  to  Niagara  Falls,  N.  Y.,  and 
connects  with  the  Niagara  plant  of  the  Niagara  Falls  Power  Co. 

This  plant  and  stations  1  and  2  of  the  Niagara  Falls  Power  Co. 
are  operated  as  a  unit,  and  machines  in  the  different  plants  may  be 
run  in  parallel.  The  Canadian  plant  is  now  generating  about  100,000 
horsepower,  of  which  a  little  less  than  one-half  is  imported  into  the 
United  States  either  by  the  transmission  line  to  Buffalo  or  by  the 
12.000- volt  line  across  the  bridge  at  Niagara  Falls.  A  large  part  of 
the  power  which  does  not  come  to  the  United  States  is  sold  to  the 
Hydro-Electric  Power  Commission  of  Ontario. 

The  gross  head  on  this  plant  is  about  173  feet  at  mean  stage.  As 
the  plant  is  now  operated  about  43  feet  of  this  is  lost  in  the  tunnel. 
From  the  best  data  available  it  appears  that  this  plant  is  now  pro- 
ducing about  100,000  horsepower  from  about  9,600  cubic  feet  of 
water  per  second.  That  would  indicate  the  production  of  10.4  horse- 
power per  cubic  foot  per  second,  or  an  over-all  efficiency  of  53  per 
cent. 

Considerable  trouble  with  ice  is  experienced  nearly  every  winter, 
and  the  company  maintains  an  electric  tug  in  the  f  oreoay  to  keep  the 
ice  broken  up. 

The  importation  of  power  from  this  plant  into  the  United  States 
began  on  August  1,  1905.  The  average  amount  imported  that  year 
was  about  4,000  horsepower.  The  next  year  it  was  12,000.  From 
then  it  increased  gradually,  reaching  61,000  horsepower  in  1913, 
and  about  62,000  in  1915.  In  1916  the  exportation  was  restricted  by 
Canada  so  that  the  average  in  1917  had  fallen  to  37,000  horsepower. 
In  November,  1918,  it  was  about  40,000  horsepower. 

Ontaario  Power  Co. — The  diversion  of  water  from  Niagara  Kiver 
by  the  Ontario  Power  Co.  is  estimated  to  be  11,200  cubic  feet  per 
second.  Extensions  to  the  plant  now  well  under  way  will  increase 
the  diversion  to  a  quantity  estimated  to  be  13,300  cubic  feet  per  sec- 
ond- This  company  is  controlled  by  the  Hydro-Electric  Power  Com- 
mission of  Ontario,  which  owns  90  per  cent  of  the  stock.  The 
authorized  capital  stock  is  $15,000,000,  but  the  outstanding  stock  is 
onlv  $10,000,000.  The  outstandmg  bonded  debt  is  $12,678,000  as 
agamst  $15,000,000  authorized. 
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This  company  came  into  existence  in  1887  under  the  name  of 
"  Canadian  I^ower  Co.,"  having  been  incorporate^  by  the  Ontario 
Legislature.  Its  name  was  changed  to  Ontario  Power  Co.  in  1899. 
The  privileges  granted  it  included — 

Full  power  to  construct,  equip,  maintain,  and  operate  a  canal  and  hydranlic 
tunnel  from  some  point  in  the  Wellaud  River  at  or  near  its  conjunction  with  the 
Niagara  River  to  a  point  or  points  on  the  west  bank  of  the  Niagara  River  about 
or  south  of  the  Whirlpool,  and  from  a  point  or  points  in  the  Niagara  River  ai 
or  immediately  south  of  the  head  of  the  rapids  near  the  Welland  River  to  a  point 
or  points  on  the  west  bank  of  the  Niagara  River  about  or  south  of  Clark  Hill. 

None  of  the  works  authorized  were  to  be  constructed  and  none  of 
the  powers  given  exercised  within  the  limits  of  Queen  Victoria 
Niagara  Falls  Park,  except  with  the  consent  of  the  lieutenant  gov- 
ernor in  council  and  the  park  conmiissioners.  It  should  be  pointed  out 
that  the  park  then  extended  upstream  only  to  include  the  Dufferia 
Islands. 

On  April  11, 1900,  the  first  agreement  with  the  park  commissioners 
was  made,  providing  for  a  double  development,  the  water  being 
diverted  from  Welland  Eiver  through  a  canal  to  a  power  house  in 
the  park,  where  it  would  be  used  under  40  feet  of  head,  and  con- 
ducted from  that  point  partly  in  an  open  canal  and  partly  under- 
ground to  a  power  house  in  the  gorge  below  the  Falls.  By  a  second 
agreement,  dated  June  28. 1902,  the  rights  of  the  first  agreement  -were 
for  the  most  part  surrendered,  and  provision  was  made  for  conduct- 
ing water  from  Welland  and.  Niagara  Rivers  underground.  This 
last  agreement  specified  the  general  terms  of  the  license,  which  was 
[ranted  April  1,  1900,  and  which  provides  for  a  yearly  rental  of 

WjOOO,  with  $1  per  horsepower  per  annum  additional  for  any  power 
generated  above  20,000  horsepower  and  up  to  30,000  horsepower,  75 
cents  per  horsepower  per  annum  for  power  from  30,000  to  40,000,  and 
60  cents  per  annum  for  each  horsepower  above  40,000.  The  lease 
covers  a  term  of  50  years,  with  option  of  three  renewals  of  20  years 
each,  and  provision  to  compel  a  liirther  20-year  period  of  operation 
by  the  company.   The  rent  may  be  adjusted  at  each  renewal. 

On  August  7, 1902,  and  subsequently  the  same  year  upon  submittal 
of  plans,  approval  was  given  to  construct  a  plant  having  three  under- 
groimd  conduits  each  18  feet  in  diameter,  conducting  water  from 
Niagara  Eiver  at  the  Dufferin  Islands  to  a  power  house  in  the  gorge 
below  the  Falls. 

On  August  1,  1917,  the  Hydro-Electric  Power  Commission  of  On- 
tario took  possession  of  the  plant  upon  purchase  of  90,000  shares  of 
the  capital  stock  at  $80  a  share  (par  value  $100)  and  upon  agree- 
ment to  assume  the  bond  liability  of  this  and  certain  subsidiary  com- 
panies, the  total  of  which  was  stated  in  the  press  to  be  $14,669,000. 
Payment  for  the  stock  was  made  in  4  per  cent,  40  year,  bonds  of  the 
Hydro-Electric  Conmiission,  guaranteed  by  the  Province  of  Ontario. 

In  the  agreements  the  amount  of  water  which  the  company  may 
divert  is  not  specified,  nor  the  amount  of  power  which  may  be  gene- 
rated. The  plans  are  said  to  call  for  22  units  of  10,000  horsepower 
each,  operatmg  under  a  total  head  of  180  feet.  The  reports  of  the 
park  commissions,  and  other  printed  statements  set  the  approval 

flans  at  180,000  horsepower,  60,000  from  each  of  the  three  conduits, 
n  1906  or  earlier  the  ultimate  diversion  of  water  required  was  va- 
riously computed  to  be  11,700  cubic  feet  per  second  and  12,000  cubic 
feet  per  second. 
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The  intake  of  this  plant  is  situated  at  the  Dufferin  Islands  about 
5,000  feet  above  the  Horseshoe  Falls,  and  the  i)ower  house  is  in  the 
Gorge  about  1,000  feet  below  them.  The  essential  feature  of  the  in- 
take is  a  submerged  weir  or  diverter  extending  into  the  river  at  the 
crest  of  the  jfirst  cascade.  This  is  a  curved  concrete  dam  about  700 
feet  long,  with  its  crest  at  elevation  653,  corresponding  to  the  ex- 
treme low  stage  of  the  river  at  this  point.  The  water  enters  the 
outer  fore  bay  between  the  shore  and  the  outer  end  of  this  weir.  This 
opening  is  protected  by  an  ice  diverter  consisting  of  a  submerged 
curtain  wall  making  an  angle  of  45°  with  the  origmal  current  in  the 
river.  The  bottom  of  this  curtain  wall  is  about  5  feet  below  low 
water  and  6  feet  above  the  bottom  of  the  intake.  It  is  596  feet  long, 
and  is  supported  on  concrete  piers  which  leave  between  them  25  open- 
ing each  6  feet  high  and  20  feet  wide.  Gates  are  provided  for  clos- 
ing these  openings  and  draining  the  fore  bay. 

The  outer  fore  bay  is  about  800  feet  long  and  its  width  tapers 
from  600  to  320  feet,  its  center  line  following  a  curve  through  an 
angle  of  about  80°.  At  its  inner  end  is  the  rack  house,  parallel  with 
the  shore.  This  is  320  feet  long,  and  is  protected  by  a  similar  curtain 
wall  4  feet  below  low  water  and  proviaed  with  16  openings  each  14 
feet  high  and  18J  feet  long.  These  openinp  are  guarded  by  racks. 
To  insure  a  current  along  this  curtain  wafl  to  carry  away  ice,  the 
end  of  the  weir  next  to  the  rack  house  has  its  first  50  feet  cut  down 
4  feet  and  its  next  50  feet  cut  down  2  feet  below  the  rest  of  the 
crest. 

The  inner  fore  bay  lies  between  the  rack  house  and  the  gatehouse. 
It  is  260  feet  long  and  tapers  in  width  from  320  to  120  feet,  its  center 
line  curving  through  about  90°.  At  its  lower  end  is  the  gatehouse 
?hich  is  provided  with  the  head  works  for  three  18-foot  pipes.  The 
pipe  or  conduit  entrances  are  closed  by  large  Stoney  gates  18  feet 
square.    The  entrance  is  guarded  by  coarse  racks  and  a  small  ice  run. 

The  first  conduit  was  of  steel.  It  was  circular,  18  feet  in  diameter, 
one-half  inch  thick,  and  6,180  feet  long  from  the  gatehouse  to  the 
first  penstock.  It  had  a  fall  of  28  feet  and  was  designed  to  carry 
about  4,000  cubic  feet  of  water  per  second.  It  was  incased  in  con- 
crete at  the  time  the  second  conduit  was  laid.  The  conduit  was  laid 
in  open  cut  through  the  park  and  covered  with  a  few  feet  of  earth. 
The  second  pipe  is  parallel  to  the  first.  It  is  of  reinforced  concrete 
of  a  peculiar  oblate  cross  section  equivalent  in  erea  to  an  18-foot 
circle,  and  18  inches  thick.  The  third  18-foot  pipe  provided  in  the 
original  design  has  never  been  installed,  but  a  ISJ-ioot  wood  stave 
pipe  of  Oregon  fir,  4  inches  thick,  has  been  built  in  its  place  recently 
as  a  temporary  measure. 

From  the  lower  end  of  the  steel  pipe  seven  steel  penstocks  9  feet  in 
diameter  descend  vertically  through  shafts  in  the  rock.  They  are 
controlled  by  large,  horizontal  gate  valves  in  a  gallery  under  the  con- 
duit. These  penstocks  descend  vertically  to  the  level  of  the  base- 
ment of  the  power  house,  make  a  right-angled  turn  on  a  radius  of 
18  feet,  and  extend  horizontally  into  the  power  house.  Two  smaller 
penstocks,  each  30  inches  in  diameter,  reach  from  the  conduit  to  the 
power  house  in  a  straight  line  through  an  inclined  tunnel,  which  also 
carries  the  cable  ducts  connecting  the  power  house  and  the  trans- 
former house.  At  the  end  of  the  conduit  is  a  small  open  surge  basin 
or  spiUway  provided  with  a  waste  tunnel. 
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In  similar  manner  seven  large  penstocks  and  two  small  ones  lead 
from  the  second  conduit  to  the  power  house.  There  is  also  a  gate 
valve  and  connection  by  which  penstock  No.  7  can  be  fed  from  the 
second  conduit  instead  of  the  first.  Penstocks  No.  13  and  No.  14  and 
the  two  small  penstocks  are  controlled  by  "  Johnson  valves  "  instead 
of  gate  valves.  No.  13  and  No.  14  can  also  be  connected  to  the  new 
wood-stave  conduit.  The  end  of  the  second  conduit  leads  to  a 
"Johnson  differential  surge  tank"  with  waste  tunnel.  For  the 
wood-stave  conduit  a  steel  surge  tank  50  feet  in  diameter  and  80  feet 
high  has  been  erected  in  the  park. 

The  power  house  is  a  concrete  building  in  the  Gorge.    It  is  77  feet 
wide  and  about  650  feet  long.     As  originally  designed  it  was  to  have 
18  units  of  10,000  horsepower  each  and  4  exciters.    It  now  has  16 
units,  the  last  two  of  which  are  in  process  of  installation.    The  first 
three  are  rated  at  10,000  horsepower  each,  the  next  four  at  12,000 
horsepower  each,  and  the  next  seven  at  14,000  horsepower  each. 
They  are  all  of  the  same  general  type,  though  made  by  different 
manufacturers  and  having  different  details.    Each  unit  consists  of 
two  Francis  turbines  and  a  generator  mounted  on  a  common  horizon- 
tal  shaft.    The  turbines   are   supplied   with   water   by   ascending 
branches  from  the  penstocks  below  them.     They  have  scroll  cases 
and  wicket  gates  and  discharge  through  a  common  draft  tube  be- 
tween them  into  tailraces  under  the  power  house.    The  draft  tubes 
are  10  feet  in  diameter,  and  the  tailraces  at  their  outer  end  are 
vaulted  passages  6^  feet  high  and  20  feet  wide.    They  discharge  over 
a  weir  into  the  Maid  of  the  Mist  Pool.    At  full  load  the  elevation  of 
the  tail-water  above  the  weirs  is  about  353.    The  generators,  which 
are  of  the  internal-revolving  field  type,  are  at  the  river  ends  of  the 
horizontal  shafts.    They  operate  at  187^  revolutions  per  minute  and 
produce  three-phase  alternating  current  at  25  cycles,  12,000  volts. 

The  two  small  machines,  fed  from  the  first  conduit  and  originally 
installed  as  exciters,  are  now  used  to  generate  direct  current  for  run- 
ning elevators  and  for  other  station  service.    Excitation  is  provided 
by  a  rather  unusual  system.    The  two  small  penstocks  from  the  sec- 
olid  pipe  supply  water  to  two  small  horizontal-shaft  turbines,  each 
of  1,600  horsepower.    Each  turbine  is  direct  connected  to  a  small 
alternator,  an  induction  motor,  and  an  exciter  for  the  alternator. 
The  alternators  supply  current  to  14  small  motor-generator  sets,  one 
beside  each  large  generator.    These  supply  the  direct  current  to  ex- 
cite the  fields  of  their  respective  generators.    Each  direct-current 
generator  of  the  motor-generator  sets  is  connected  up  permanently  to 
the  field  of  its  corresponding  main  generator,  and  its  voltage  is  main- 
tained automatically  by  a  Tirrell  regulator  in  the  operating  room, 
which  is  shunted  across  the  field  of  the  small  machine.    The  regu- 
lator connections  provide  reflation  of  the  power  factor  of  the  main 
generator  also.    The  induction  motor  on  each  service  unit  can  be 
connected  to  low- voltage  secondary  mains  leading  from  transformei^ 
on  the  main  line.    It  was  intended  originally  that  the  motor  should 
be  in  circuit  customarily,  thus  "  floating  on  the  line,"  to  be  ready  to 
pick  up  the  service  unit  load  in  case  the  turbine  failed,  and  also  to 
steady  the  turbine,  and  thus  improve  the  speed  control.     In  practice 
it  has  been  found  more  satisfactory  to  switch  the  motors  off  fix)m  the 
line.    Thus  their  rotors  merely  rotate  idly  on  the  shafts. 
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The  station  is  operated  from  a  switchboard  in  the  transformer 
house.  This  is  a  large  building  on  top  of  the  bluff.  It  is  about 
550  feet  behind  the  powerhouse  and  255  feet  above  it.  It  contains 
a  large  installation  of  transformers  and  is  the  starting  point  of  the 
inuismission  lines.  The  transmission  is  at  various  voltage  from 
lii.CXX)  to  110,000.  The  most  important  lines  are  those  of  the  Hydro- 
Electric  Power  Commission,  and  the  Niagara,  Lockport  &  Ontario 
Power  Co.  The  first  runs  primarily  to  Hamilton  and  Toronto  but 
vlistributes  much  power  in  neighboring  parts  of  Ontario,  running  as 
far  west  as  Windsor.  For  the  second  line  the  Ontario  Power  Co. 
takes  the  power  about  5  miles  down  the  river  and  across  the  lower 
^orffe  below  the  Devils  Hole.  Here  it  is  is  delivered  to  the  Niagara, 
LoeKp)ort  &  Ontario  Power  Co.  in  a  building  on  the  American  side. 
The  latter  company  transmits  it  to  Lockport,  Rochester,  Syracuse, 
and  other  points.  These  two  customers  each  take  about  one-third 
of  the  output  of  the  plant.  The  remainder  is  distributed  to  near-by 
consumers  on  both  sides  of  the  river. 

This  plant  is  now  producing  about  163,000  horsepower,  of  which 
al)out  50,000  horsepower  is  imported  into  the  United  States.  The 
gross  head  on  this  plant  from  the  river  at  the  intake  to  the  Maid-of- 
the-Mist  Pool  is  ahout  215  feet.  From  the  best  data  available  it 
appears  that  11,200  cubic  feet  of  water  per  second  are  used  to  gen- 
erate 163,000  horsepower.  This  is  an  output  of  14.6  horsepower  per 
cubic  foot  per  second  and  an  over-all  efficiency  of  60  per  cent.  This 
is  the  most  efficient  of  the  Canadian  plants  at  Niagara  Falls,  and  it 
develops  more  power  than  any  other  hydroelectric  station  at  the 
Falls.    It  began  to  produce  in  November,  1905. 

To  afford  relief  during  the  great  shortage  of  power  caused  by  the 
development  of  the  munitions  industries  in  the  Niagara  district  the 
company  is  now  installing  two  temporary  units.  These  machines 
were  built  for  the  plant  of  the  Aluminum  Co.  of  America  on  the 
Yadkin  River.  They  are  very  similar  to  the  other  units  in  this  sta- 
tion and  are  expected  to  develop  about  15,000  horsepower  each.  The 
output  of  the  machines  on  conduit  No.  2  will  be  increased  by  the 
paralleling  of  that  conduit  with  the  new  one,  and  the  total  increase 
in  the  capacity  of  the  plant  will  probably  be  between  40,000  and 
50,000  horsepower.  This  will  increase  the  total  use  of  water  to  at 
least  13,300  cubic  feet  per  second. 

The  exportation  of  power  by  this  company  into  the  TTnited  States 
began  in  1905,  being  less  than  1,000  horsepower.  It  increased  rap- 
idly from  year  to  year  to  a  maximum  of  about  52,000  horsepower 
in  1917,  since  which  time  it  has  been  held  down  by  the  Hydro- 
electric Commission  to  50,000  horsepower  or  a  little  less. 

In  1910  or  1911  the  Ontario  Power  Co.  entered  into  a  contract 
vfith  the  Hydroelectric  Power  Commission  of  Ontario  to  supply  it 
not  less  than  8,000  horsepower,  and  as  much  more  as  required  up 
to  100,000  horsepower,  at  $9.40  per  horsepower  per  annum  for 
power  at  12,000  volts  until  25,000  horsepower  is  taken,  and  for  $9 
per  horsepower  per  annum  for  all  additional  power.  These  prices 
are  increased  $1  each  for  power  supplied  at  60,000  volts.  The 
prices  cover  24-hour  continuous  service,  the  power  to  be  delivered 
to  the  commission's  lines  in  Niagara  Falls,  Ontario.  The  agreement 
is  for  a  term  of  10  years  with  provision  for  three  extensions  of  10 
years  each. 
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The  Niagara,  Lockport  &  Ontario  Power  Co.,  formerly  a  sub- 
sidiary of  the  Ontario  Power  Co.,  made  a  contract  with  the  Ontario 
Power  Co.,  dated  July  16, 1904,  by  which  the  latter  agreed  to  supply 
the  former  at  the  international  boundary  line  60,0^0  horsepower, 
with  the  option  that  the  amount  might  be  increased  to  180,000  horse- 
power. At  the  time  of  the  sale  of  the  Ontario  Power  Co.,  August  1, 
1917,  this  contract  was  altered  to  cover  a  maximum  amount  of  50,000 
horsepower,  and  the  date  of  expiration  was  changed  from  2010-  to 
1950. 

The  general  location  of  this  plant  is  shown  on  plate  No.  13. 

Toronto  Power  Co, — The  power  plant  now  generally  spoken  of  as 
that  of  the  Toronto  Power  (Jo.  was  constructed  by  the  Electrical  De- 
velopment Co.  of  Ontario  (Ltd.).  It  diverts  approximately  12,400 
cubic  feet  of  water  per  second  from  Niagara  Kiver  on  the  Canadian 
side  above  Horseshoe  Falls. 

The  Electrical  Development  Co.  of  Ontario  (Ltd.)  owns  the  hydro- 
electric power  plant,  franchises,  etc.,  all  of  which  are  leased  to  the 
Toronto  Power  Co.,  which  agrees  to  pay  as  relital  the  annual  interest 
and  sinking  fund  on  the  bonds,  and,  if  net  earnings  from  the  leased 
property  permit,  dividends  on  the  preferred  stock.  The  outstand- 
ing capital  stock  of  the  Electrical  Development  Co.  is  $3,006,100 
common,  of  which  the  Toronto  Power  Co.  owns  $2,983,900:  and 
$2,990,900  preferred,  of  which  the  Toronto  Power  Co.  owns  $2,990,600. 
The  preferred  stock  is  entitled  to  6  per  cent  noncumulative  divi- 
dends until  January  1,  1910,  and  6  per  cent  cumulative  dividends 
thereafter.  The  outstanding  bonds  amount  to  $9,669,500,  of  which 
the  Toronto  Power  Co.  owns  $5,014,000.  The  Electrical  Develop- 
ment Co.  owns  or  controls  several  subsidiary  companies. 

The  Toronto  Power  Co.  capital  stock  authorized  is  $6,000,000  and 
issued  is  $3,000,000.  The  Toronto  Railway  Co.  owns  $2,000,000  of 
this  direct,  and  the  remaining  $1,000,000  through  a  subsidiary  com- 
pany. There  is  a  "  bonded  debt,"  covering  $4,100,200  of  5  per  cent 
bonds,  guaranteed  by  the  Toronto  Railway  Co.,  issued  to  cover  the 
preferred  stock  of  the  Electrical  Development  Co.  held  by  the 
Toronto  Power  Co.,  and  which  is  mortgaged  to  cover  this  issue. 
There  is  also  an  issue  of  4J  per  cent  "  deoenture  stock  "  amounting 
to  $1,218,400,  guaranteed  by  the  Toronto  Railway  Co.,  and  secured 
by  mortgage  on  $2,000,000  of  Electrical  Development  Co.  bonds,  and 
four-fiftns  or  more  of  Electrical  Development  Co.  common  stock. 
In  addition  there  is  an  issue  of  4^  per  cent  "  consolidated  guaranteed 
debenture  stock"  to  the  amount  of  $15,140,500,  guaranteed  by  the 
Toronto  Railway  Co.,  overlying  the  remaining  $3,014,000  of  Elec- 
trical Development  Co.'s  bonds  and  a  few  other  securities. 

The  general  location  of  the  power  plant  is  shown  on  plate  No.  13. 
The  scheme  of  development  involves  a  diverting  dam  or  weir  in 
the  rapids,  a  power  house  parallel  to  and  along  the  shore,  a  long, 
deep,  narrow  wheel  pit  running  longitudinally  under  the  power 
house,  and  a  tailrace  tunnel  extending  from  the  pit  to  a  point  be- 
neath the  Horseshoe  Falls. 

On  January  29, 1903,  the  commissioners  of  Queen  Victoria  Niagara 
Falls  Park  granted  a  syndicate  an  irrevocable  license  to  construct 
a  hydroelectric  plant  in  the  park  according  to  stipulated  plans,  and 
to  develop  thereby  125,000  horsepower.    This  grant  was  confirmed 
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by  order  in  council  the  following  day.  The  syndicate  was  consoli- 
dated into  the  Electrical  Development  Co.  of  Ontario  (Ltd.)  on 
February  18,  1903,  by  royal  letters  patent,  and  on  March  21,  1903, 
the  rights  of  the  syndicate  were  assi^ed  to  the  company.  This 
assignment  was  connrmed  by  the  Ontario  Legislature. 

The  terms  of  the  lease  are  identical  with  those  of  the  lease  to 
the  Canadian  Niagara  Power  Co.,  which  have  been  stated  previously. 
The  date  of  the  license  is  February  1, 1903. 

The  plans  of  the  company,  which  were  approved,  called  for  11 
units  of  12,500  nominal  horsepower  each,  one  unit  being  regarded  as 
a  spare.  The  quantity  of  water  to  be  diverted  was  not  specified, 
but  was  variously  estimated  in  1906  or  earlier  to  be  10,800  cubic 
feet  per  second,  and  11,200  cubic  feet  per  second. 

The  intake  and  power  house  are  on  the  Canadian  bank  of  the  river 
about  3,000  feet  above  the  Canadian  end  of  Horseshoe  Falls,  and 
nearly  midway  between  the  intakes  of  the  Ontario  Power  Co.  and  the 
Canadian  Niagara  Power  Co.  The  intake  is  somewhat  similar  to 
that  of  the  Ontario  Power  Co.,  while  the  power  house  arrangement 
is,  to  an  extent,  like  that  of  the  Canadian  Niagara  Power  Co. 

A  submerged  weir  or  diverter  similar  to  that  of  the  Ontario 
Power  Co.'s  intake  extends  into  the  rapids,  curving  upstream  and 
having  its  upper  end  open.  The  crest  is  at  elevation  627,  except  at 
the  inner  end,  which  is  dropped  to  elevation  524  to  insure  a  good 
current  across  the  curtain  wall.  The  length  of  the  weir  is  about  700 
feet.  At  the  shore  end  of  the  weir  is  a  curtain  wall  parallel  to  the 
shore  and  the  power  house,  about  480  feet  long,  pierced  by  23  arches, 
each  14rJ  feet  wide  and  20^  feet  high,  with  their  crests  5  feet  below 
mean  stage.  Inside  this  wall  is  a  long,  narrow  fore  bay  with  an  ice 
run  at  its  lower  end.  The  landward  side  of  this  fore  bay  is  a  similar 
curtain  wall,  which  also  forms  the  outer  wall  of  the  power  house. 
Beyond  it  is  an  inclosed  inner  fore  bay  with  another  ice  run.  The 
racks  are  placed  in  this  fore  bay.  This  arrangement  solves  the  ice 
problem  almost  perfectly,  and  this  plant  has  less  trouble  with  ice 
than  any  of  the  others. 

Behind  the  racks  the  water  enters  the  11  steel  penstocks,  each  ap- 
proximately 11  feet  in  diameter.  The  upper  end  of  each  penstock 
can  be  closed  by  a  gate.  The  penstocks  descend  into  the  wheelpit, 
first  at  an  angle  of  about  46°  and  then  vertically.  The  pit  is  416 
feet  long  and  22  feet  wide  and  is  lined  with  brick.  The  finished 
bottom  of  the  pit  is  about  145  feet  below  the  water  surface  in  the 
fore  bav.  The  Dottom  of  the  pit  does  not  form  the  tailrace  as  in  the 
other  plants  of  the  "  pit "  type.  Instead  there  are  two  tailrace  tun- 
nels, one  520  and  the  other  580  feet  long,  parallel  to  the  pit,  one  on 
each  side  at  the  bottom. 

There  are  11  turbines  in  steel  drimis  in  the  pit.  Each  has  a  single 
draft  tube,  and  they  discharge  alternatelv  left  and  right  into  tne 
tailrace  timnels.  These  draft  tubes  are  9  feet  in  diameter  and  70  or 
80  feet  long,  with  two  right-angled  elbows  and  one  obtuise  elbow. 
They  discharge  upward  into  the  bottoms  of  the  tunnels.  The  ve- 
locity through  them  is  about  17  or  18  feet  per  second.  The  loss  of 
head  due  to  friction  is  greater  than  the  "draft-tube  effect,"  hence 
the  tubes  are  under  pressure  throughout  their  length  and  add 
nothing  to  the  effective  head.  The  first  four  turbines  have  cylinder 
gates  and  a  capacity  of  13,000  horsepower  each. 
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The  generators  are  in  the  power  house,  a  large  ornamental  build- 
ing of  Itiilian  renaissance  architecture.  They  are  connected  to  the 
turbines  by  hollow  steel  shafts  115  feet  long.  Four  of  them  are  rated 
at  8,000  kilowatts  and  seven  at  10,000  kilowatts  each.  They  produce 
alternating  current  at  12,000  volts,  25  cycles.  They  are  of  the  inter- 
nal revolving  field  type,  and  each  one  has  its  own  exciter  mounted 
on  top  of  the  large  machine.  There  are  two  small  turbine-driven 
exciter  units  in  a  chamber  at  the  northwest  end  of  the  pit,  but  they 
are  seldom  used. 

The  two  tailrace  tunnels  unite  a  little  ways  from  the  pit  to  form 
the  main  tunnel.  This  is  of  horseshoe  section,  23J  feet  wide  and  26 
feet  high.  It  is  \^^^  feet  long,  and  has  a  descending  grade  of  5^  feet 
per  thousand.  The  last  300  feet  of  concrete  lining  at  the  portal 
IS  made  in  rings  6  feet  long,  calculated  to  break  on  as  the  fall  re- 
cedes. The  outfall  or  portal  is  behind  the  Horseshoe  Falls,  where 
its  invert  is  at  about  elevation  S66,  some  12  feet  or  more  above  the 
usual  water  level  in  the  pool  below  at  this  point. 

The  station  is  operated  from  a  switchboard  on  a  balcony  in  the 
power  house.  Cables  laid  in  conduits  carry  the  power  to  the  trans- 
former house,  1,500  feet  southwest  of  the  power  house.  Here  much 
of  the  power  is  transformed  to  60,000  volts  for  transmission  to 
Toronto  over  the  lines  of  the  Toronto  &  Niagara  Power  Co.  About 
one-sixth  of  the  total  power  developed  is  imported  into  the  United 
States  over  the  lines  of  the  Canadian  Niagara  Power  Co. 

The  gross  head  of  this  installation  from  the  intake  in  the  Canadian 
rapids  to  the  pool  beneath  the  Horseshoe  Falls  is  about  188  feet. 
From  the  best  data  available  it  appears  that  the  plant  is  now  divert- 
ing about  12,400  cubic  feet  per  second,  with  which  it  generates  about 
125,000  horsepower.  This  shows  10.1  horsepower  per  cubic  foot  per 
second,  and  an  over-all  efficiency  of  49  per  cent. 

The  plant  began  jv  roducing  power  in  1906,  and  in  1907  power  from 
it  was  first  transmitted  into  the  United  States.  In  that  year  the 
exportation  probably  did  not  exceed  300  horsepower.  It  increased 
up  to  8,000  or  9,000  horsepower  in  1912,  and  then  decreased,  amount- 
ing to  little  or  nothing  in  1914  and  1916.  In  1916  and  1917  it  was 
nearly  20,000  horsepower,  but  decreased  in  the  latter  part  of  1917  to 
about  15,000  horsepower.  In  1914  the  eleventh  unit  was  installed. 
It  was  originally  intended  to  be  a  spare,  but  the  ^reat  demand  for 
power,  particularly  during  the  war,  led  to  its  continuous  use.  It  is 
understood  that  this  continuous  use  was  objected  to  by  the  Hydro- 
electric Commission  of  Ontario,  except  on  condition  that  all  the 
power,  produced  because  of  it  should  be  utilized  in  Canada  and  that 
certain  differences  between  this  company  and  the  commission  are  now 
before  the  Ontario  government  for  adjustment. 

International  Rauway  Co, — A  small  power  plant  on  the  Canadian 
shore  between  the  crest  of  Horseshoe  Falls  and  the  power  house  of 
the  Canadian  Niagara  Power  Co.  diverts  from  the  Niagara  River  for 
power  development  a  quantity  of  water  estimated  at  125  cubic  feet 
per  second. 

The  power  rights  for  this  plant  were  obtained  on  December  4, 1891, 
in  an  agreement  between  a  syndicate  of  Canadian  capitalists  and  the 
commissioners  of  Queen  Victoria  Niagara  Falls  Park  in  connection 
with  a  project  to  build  and  operate  an  electric  railway  between 
Queenston  and  Chippewa.    This  agreement  was  confirmed,  and  a 
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company,  under  title  of  the  Niagara  Falls  Park  &  Eiyer  Railwaj' 
Co.,  was  incorporated  by  act  of  the  Legislature  of  Ontario.  On  May 
3,  1894,  a  further  agreement,  subsequently  confirmed,  was  made  to 
cover  the  specific  properties  and  construction  rights  involved. 

The  lease  covers  a  period  of  40  years  from  September  1,  1892,  and 
under  certain  conditions  may  be  extended  20  years.  The  annual 
rental  of  $10,000  covers  also  the  railway  rights  through  the  park. 
The  amount  of  power  to  be  generated  or  the  quantity  of  water  to  be 
diverted  are  not  specified,  But  under  the  charter  of  the  company 
none  of  the  power  may  be  sold  and  none  may  be  used  except  in  operat- 
ing and  lifting  the  railway.  In  1906  it  was  estimated  that  the 
ultimate  consumption  of  water  would  be  1,500  cubic  feet  per  second 
and  that  the  consumption  at  that  time  was  600  cubic  feet  per  second. 

In  1900  the  Buffalo  Railway  Co..  of  New  York  State^  obtained 
Canadian  incorporation,  and  in  April,  1901,  its  Canadian  rights  were 
confirmed  and  extended.  It  purchased  the  properties,  rights,  etc., 
of  the  Niagara  Falls  Park  &  River  Railway  Co.,  paying  $733,000 
for  the  equity  and  assuming  the  bonded  indebtedness  of  $600,000.  It 
was  reported  in  1906  that  at  the  time  of  the  purchase  the  power  plant 
represented  a  cash  outlay  of  $141,000,  and  that  $125,(X)0  additional 
for  equipment  had  been  expended  up  to  1906. 

In  1902  the  name  of  the  Buffalo  Kailway  Co.  was  changed  to  In- 
ternational Railway  Co.  This  company  in  October,  1903,  applied  to 
the  park  commissioners  for  approval  of  plans  to  transmit  power  from 
this  plant  to  the  American  side  to  operate  the  extensive  railway  sys- 
tem in  the  State  of  New  York.  The  request  was  not  granted.  The 
International  Railway  Co.  operates  the  electric  railways  in  Buffalo, 
Tonawanda,  and  Niagara  Falls,  N.  Y.,  and  elsewhere  in  Erie  and 
Niagara  Counties  in  New  York  State,  as  well  as  in  Welland  County, 
Ontario.  It  is  in  turn  controlled  by  the  United  Gas  &  Electric 
Corporation,  which  controls  a  large  number  of  public  service  cor- 
porations operating  in  13  or  more  States. 

The  intake  and  power  house  of  this  plant  are  about  500  feet  above 
the  Canadian  end  of  the  Horseshoe  Falls.  The  intake  is  simply  a 
channel  leading  directly  from  the  rapids.  It  is  about  260  feet  lonj^, 
from  62  to  130  feet  wide,  and  about  5  J  feet  deep.  Its  entrance  is 
guarded  by  piers  and  coarse  racks.  The  plant  contains  two  small 
vertical  turbines  which  operate  under  a  head  of  about  64  feet.  These 
discharge  into  a  tunnel  which  spills  its  water  into  the  gorge  through 
a  portal  in  the  side  of  the  cliff  upstream  from  the  Ontario  power 
house  at  about  elevation  420.  One  of  the  turbines  is  connected  by 
bevel  gears  and  belts  to  six  small  direct-current  generators  rated  at 
270  horsepower  each.  The  other  turbine  is  direct  connected  to  a  ver- 
tical direct-current  ^nerator  rated  at  2,000  horsepower.  These  ma- 
chines are  operated  m  parallel  at  650  volts. 

The  average  load  of  this  plant  is  about  570  horsepower,  of  which 
al)out  175  horsepower  is  imported  into  the  United  States.  The  water 
consumed  would  seem,  from  the  best  data  available,  to  be  about  125 
cubic  feet  per  second.  This  corresponds  to  an  over-all  efficiency  of 
45  per  cent  and  a  power  production  of  4.6  horsepower  per  cubic  foot 
per  second.  The  tunnel  spiUs  its  water  far  above  the  Maid-of-the- 
Mist  Pool.  The  gross  head  measured  to  the  surface  of  this  pool  is 
165  feet,  and  the  over-all  efficiency  on  this  basis  is  only  25  per  cent. 

The  location  of  the  power  house  is  shown  on  Plate  No.  13. 
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Water  works  of  Niagara  Fdll%^  Ontario, — The  city  of  Niagara 
Falls,  Ontario,  derives  its  supply  of  water  for  domestic  use  and  fire 
protection  from  the  intake  or  the  International  Eailway  Co.'s  power 
house.  From  the  north  corner  of  this  intake  a  conduit  about  500 
feet  long  leads  the  water  under  the  park  to  a  small  pumping  station 
near  the  crest  of  the  Horseshoe  Falls.  Here  part  of  tne  water  is 
pumped  into  the  city  mains,  the  remainder  furnishing  the  power  to 
do  the  pumping.  This  latter  portion  is  then  discharged  through  a 
tunnel  with  an  outfall  near  that  of  the  International  Railway  Co. 
The  elevation  of  the  outfall  is  about  477  feet.  The  amount  of  water 
used  is  not  known,  but  it  certainly  does  not  exceed  50  cubic  feet  per 
second.  The  water  wheels  are  reported  to  be  of  500  horsepower  total 
capacity.    The  head  used  by  the  pumping  machinery  is  about  25  feet. 

As  this  diversion  is  made  solely  for  sanitary  and  domestic  purposes 
it  is  not  to  be  included  as  part  of  the  36,000  cubic  feet  per  second 
permitted  to  be  diverted  for  power  development  on  the  Canadian  side 
of  the  river,  but  rather  as  one  of  the  diversions  which  are  covered 
by  the  last  sentence  of  Article  V  of  the  treaty. 

The  location  of  the  pumping  station  is  shown  on  plate  No.  13. 

New  plant  of  Ontario  Hydro-Electric  Powei^  Uovvirdssion, — The 
Hydro-Electric  Power  Commission  of  Ontario  is  now  building  a 
new  power  development  on  the  Canadian  side.  The  following  de- 
scription of  this  project  is  based  largely  on  an  article  in  the  Engi- 
neering News  Record  for  October  31,  1918,  and  partly  on  other  in- 
formation. 

The  contemplated  diversion  is  10,000  cubic  feet  per  second.  The 
water  is  to  be  taken  from  the  upper  river  at  the  mouth  of  the  Welland 
River  (Chippawa  Creek)  and  flow  up  the  Welland  River  nearly  to 
the  village  of  Montrose.  This  section  of  the  river  is  to  be  dredged  to 
a  depth  of  25  to  30  feet  with  a  mean  width  of  about  200  feet.  The 
length  of  this  section  is  about  3.6  miles.  Leaving  the  river  the 
water  passes  through  a  canal  nearly  9  miles  long  to  a  fore  bay  at 
the  edge  of  the  Gorge  a  mile  above  Queenston.  Location  of  the 
route  is  shown  on  Plate  No.  6.  The  wetted  section  of  this  canal  is 
48  feet  wide  and  30  to  35  feet  deep.  It  is  mostly  in  rock  with  chan- 
neled sides  and  concrete  lining.  The  cuts  on  this  canal  are  very 
heavy.  The  maximimi  depth  of  rock  cut  is  85  feet  and  of  earth 
more  than  100,  while  the  greatest  total  cut  is  140  feet,  of  which  about 
75  is  rock.  The  canal  crosses  the  deep  ravine  west  of  the  Whirlpool 
on  an  artificial  fill. 

It  is  worthy  of  note  that  the  rock  surface  in  this  region  dips  to  the 
west  and  this  canal  has  a  less  proportion  of  rock  excavation  than 
one  on  the  American  side  would  have.  A  few  miles  farther  west 
the  New  Welland  Canal  is  being  excavated  almost  entirely  in  earth. 
On  the  other  hand  an  American  canal  would  cut  across  the  angle  of 
the  river  and  its  length  from  intake  to  fore  bay  would  be  only  about 
one-third  that  of  the  Canadian  route. 

The  fore  bay  at  the  top  of  the  cliil  is  approximately  300  by  1,000 
feet.  From  it  the  water  passes  through  six  penstocks  to  the  power 
house  in  the  Gorge.  Here  there  are  to  be  six  vertical  units  rated  at 
52,500  horsepower  each,  a  total  of  315,000  horsepower.  The  "net'' 
head  is  304  feet,  and  300,000  horsepower  is  expected  to  be  obtained 
from  10,000  cubic  feet  per  second,  or  30  horsepower  per  cubic  foot 
per  second.    The  estimated  cost  is  only  $25,000,000,  or  $83  per  horse- 
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power.  It  is  hinted  that  this  is  only  the  first  of  a  series  of  such 
aeyelopments  contemplated,  with  an  ultimate  diversion  of  36,000 
cubic  feet  per  second. 

In  the  li^ht  of  the  studies  described  in  Section  F  of  this  report  it 
must  be  said  that  these  estimates  seem  altogether  too  optimistic. 
A  rough  computation  of  the  power  output  and  cost  on  a  basis  com- 
parable to  that  of  the  projects  discussed  in  Section  F  give  a  pow^r 
output  of  294,000  horsepower,  or  29.4  horsepower  per  cubic  foot  per 
second,  and  a  total  cost  of  $42,000,000,  or  $143  per  horsepower.  Tnis 
high  cost  as  compared  with  the  American  projects  is  due  almost  en- 
tirely to  the  great  length  of  canal  required  oy  this  scheme. 

While  the  canal  is  being  built  large  enough  for  a  diversion  of 
10,000  cubic  feet  per  second,  it  is  understood  that  the  Hydroelectric 
Commission  maintains  that  the  present  diversions  on  the  Canadian 
side  amount  to  30,000  cubic  feet  per  second  and  intends  to  install  at 
present  only  sufficient  machinery  to  utilize  the  6,000  cubic  feet  per 
second  thus  estimated  to  remain  under  the  treaty. 

It  appears  that  the  present  Canadian  diversions  really  amount  to 
about  33,325  cubic  feet  per  second,  and  that  when  the  Ontario  Power 
Co.'s  new  units  are  put  in  service  the  amount  will  be  more  than 
35.400.  This  would  leave  less  than  600  cubic  feet  per  second  available 
for  the  new  plant.  Apparently,  therefore,  the  commission  must  shut 
down  part  of  the  Ontario  Power  Co.  plant  when  ready  to  start 
operating  the  new  plant  or  else  secure  an  extension  of  the  treaty 
limit. 

Xm^ara  Falls  Power  Co, — The  two  power  houses  of  the  Niagara 
Falls  plant  of  this  company  take  water  from  a  short  canal  on  the 
American  side  above  Goat  Island  and  discharge  it  through  a  long 
tailrace  tunnel  into  the  Maid-of-the-Mist  Pool.  The  21  units  of  this 
plant  have  a  rated  capacity  of  5,000  horsepower  each.  The  permit 
from  the  Secretary  of  War  authorizes  the  diversion  of  10,000  cubic 
feet  of  water  per  second.  About  750  cubic  feet  of  this  is  leased  to 
the  International  Paper  Co.,  but  is  not  now  being  used  by  them.  The 
Niagara  Falls  plant  is  now  using  about  9,450  cubic  feet  per  second, 
with  which  it  produces  about  100,000  horsepower.  This  is  a  pro- 
duction of  10.6  horsepower  per  cubic  foot  per  second  and  represents 
on  the  gross  head  of  219  feet  an  overall  efficiency  of  43  per  cent. 

A  detailed  history  and  description  of  the  works  of  this  company 
will  be  found  in  Section  F  of  this  report. 

Hydraulic  Power  Co. — This  company  has  been  consolidated  with 
the. Niagara  Falls  Power  Co.,  and  the  plant  is  now  known  as  the 
"hydrauHc  plant"  of  the  Niagara  Falls  Tower  Co.  The  two  power 
houses  are  in  the  Gorge  on  the  American  side  about  half  a  mile  below 
the  American  Falls.  They  get  their  supply  of  water  through  a  canal 
from  Port  Day  about  a  mile  above  the  Falls.  The  Thermit  Muthorizes 
the  diversion  of  9,500  cubic  feet  per  second.  Of  this  the  Pettebone- 
Cataract  Paper  Co.  gets  271  cubic  feet  per  second.  Station  2  has  9 
units,  with  a  total  rated  capacity  of  21,200  horsepower,  and  station  3 
has  13  units,  of  a  total  rated  capacity  of  130,000  horsepower  This 
plant  is  now  producing  about  145,000  horsepower  from  7,840  cubic  feet 
per  second.  This  is  a  production  of  18.5  horsepower  per  cubic  foot  per 
second  and  corresponds  to  an  overall  efficiency  of  75  per  cent  under 
the  gross  head  of  219  feet.  Three  new  units  with  a  total  capacity  of 
naore  than  100,000  horsepower  are  now  being  installed. 
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A  detailed  history  and  description  of  this  plant  will  be  found   in 
Section  F  of  this  report. 

The  Pettebone-Cataract  Paper  Co. — The  Pettebone-Cataract  Pai>er 
Co.  diverts  a  small  amount  of  water  from  the  HydTaulic  Power  CJo.'s 
canal  for  the  manufacture  of  flour  and  paper.  Its  plant  is  described 
in  Section  F  of  this  report.  The  company  now  uses  about  271  cubic 
feet  per  second^  from  which  it  obtains  perhaps  2,000  horsepower,  or 
7.4  horsepower  per  cubic  foot  per  second.  As  the  gross  head  of  this 
plant  is  about  93  feet,  the  over-all  efficiency  is  70  per  cent,  but  the 
tail  water  is  rejected  high  up  the  bank,  wasting  a  head  of  approxi- 
mately 125  feet. 

The  International  Paper  Co,  formerly  diverted  about  720  cubic 
feet  per  second  from  the  canal  of  the  Niagara  Falls  Power  Co.  for 
operating  its  large  paper  mill.  This  plant  is  briefly  described  in 
Section  F  of  this  report.  The  turbines  have  been  removed  and  no 
water  is  now  used  by  this  company,  but  it  is  understood  that  they 
retain  their  old  rights  and  intend  to  install  new  wheels. 

Cataract  Hotel  plant. — There  was  formerl}'^  a  small  power  plant 
in  the  basement  of  the  Cataract  Hotel,  in  Niagara  Falls,  rf .  Y.  This 
took  water  from  the  American  Bapids  near  the  head  of  Goat  Island 
by  means  of  a  wing  dam  and  canal  and  discharged  it  through  a  tail- 
race  tunnel  into  the  same  rapids  near  the  Goat  Island  bridge.  The 
hotel  had  certain  water  rights  from  the  State  of  New  York.  When 
the  State  formed  the  present  park  the  commissioners  caused  the 
greater  part  of  the  canal  to  be  replaced  by  a  brick-lined  underground 
conduit  7  or  8  feet  in  diameter.  The  wmg  dam  and  upper  part  of 
the  canal  were  retained,  and  still  remain  in  the  park. 

The  gross  head  of  this  plant  is  about  24  feet.  Its  one  small  turbine 
was  operated  intermittently  until  the  fall  of  1913  to  run  the  hotel 
laundry.  The  amount  of  the  diversion  is  unknown,  but  it  was  prob- 
ably much  less  than  100  cubic  feet  per  second.  No  permit  for  this 
diversion  was  ever  granted  by  the  Secretary  of  war. 

In  the  fall  of  1913  the  present  owner  of  the  hotel,  Mr.  John  F. 
MacDonald,  removed  the  old  machinery  and  purchased  a  modern 
hydroelectric  unit,  rated  at  400  horsepower,  which  he  proposed  to 
install  in  its  place.  Owing  to  the  refusal  of  the  New  York  State 
authorities  to  allow  the  replacement  of  the  old  headgate  of  the  con- 
duit by  new  ones,  this  development  has  never  been  completed,  and  no 
water  is  now  being  diverted.  The  plant  could  probably  use  between 
200  and  300  cubic  feet  per  second.  Mr.  MacDonald  is  the  promoter 
of  the  Empire  Power  Corporation,  which  desires  to  develop  a  large 
power  plant  on  the  site  of  the  Cataract  Hotel,  as  described  in  Section 
F  of  this  report. 

Comparison  of  plants. — ^The  plants  described  above  differ  in  gross 
head  from  24  to  313  feet.  Some  make  efficient  use  of  the  water  di- 
verted under  the  head  which  they  have  and  others  do  not.  Table 
No.  18  assembles  the  diversions,  outputs,  and  efficiencies  of  these 
plants  so  that  they  may  readily  be  compared.  It  should  be  noted 
that  the  horsepower  per  cubic  foot  per  second  is  the  figure  which 
shows  the  relative  success  of  the  different  plants  in  obtaining  power 
from  their  diversions,  while  the  over-all  efficiency  shows  whether  or 
not  the  installation  is  up  to  date.  Where  this  latter  figure  is  less 
than  80  per  cent  the  output  of  the  plant  is  not  as  great  as  it  should 
be  for  the  given  gross  head. 
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Tabxjb  No.  18. — Diveriion  data  on  Niagara  FaUa  power  planU. 


Plant. 


Canadian  NiaipBra  Power  Co 

Ontario  Power  Co , 

Toronto  Power  C3o 

International  Ry.  Co 

Hvdro- Electric  Power  Commission », 

Niaearm  Palis  Power  Co 

Hydraulic  Power  Co 

Internationa]  Paper  Co 

Pett^boneCataract  Paper  Co 

CataruTt  Hotel 


Diversion. 


Cubic  feet 

per  second. 

9,600 

11,200 

12,400 
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I  10,000 

9,430 

7,840 


271 


Power 
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power. 
100,000 
163,000 
12A,000 
570 
1294,000 
100,000 
145,000 


Feet. 
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2,000 
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183 

01 

313 

219 

219 

219 

93 

24 
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14.6 
10.1 
4.6 
>29.4 
10.6 
18.5 

7.4 


I 


Overall 
efficien- 
cy. 


P.er. 


58 

00 
49 
45 
83 
43 
75 
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1  Now  onder  construction. 

'  The  Hydnmlic  Power  Co.  has  3  types  of  machines  with  widelv  dlfTerent  overall  efficiencies,  as  follows: 
Station  3, 57  per  cent;  direct  current  units  in  station  3, 77  per  cent;  alternating  current  units  m  station  3 
SI  per  cent. 

>  Gross  head  taken  at  mouth  of  outfall. 

This  table  shows  that  of  the  five  existing  large  plants,  that  of  the 
Hydraulic  Power  Co.  is  by  far  the  most  efficient,  while  the  Ontario 
Power  Co.  is  next,  and  the  other  three  are  about  equally  poor.  Any 
future  development  ought  to  be  planned  for  an  over-all  efficiency  of 
more  than  80  per  cent,  and  ought  to  give  over  20  horsepower  per 
cubic  foot  per  second  if  it  discharges  into  the  Maid-of-the-Mist  Pool, 
or  over  29  if  it  discharges  into  the  Lower  Kapids. 

Total  diversions. — ^The  actual  total  diversion  of  water  by  the  power 
plants  at  Niagara  Falls  is  shown  by  the  above  table  to  be  17,661 
cubic  feet  per  second  on  the  American  side,  and  33,325  cubic  feet  per 
second  on  the  Canadian  side,  a  grand  total  of  50,886  cubic  feet  per 
second.  This  produces  635,570  horsepower,  or  12.5  horsepower  per 
cubic  foot  per  second. 


.7.   ST.  lAWBENGS  RIVER  KAVIOATIOK  CANALS. 

The  amount  of  power  developed  upon  the  St.  Lawrence  River  navi- 
gation canals  is  very  small  and  the  diversions  for  the  purpose  corre- 
spondingly small,  Because  of  their  slight  importance  no  attempt 
has  been  made  to  determine  them  with  accuracy.  It  should  be  noted, 
however,  that  the  potential  power  in  the  river  at  each  of  these  canals 
is  large,  and  its  development  in  the  course  of  time  seems  almost  cer« 
tain. 

For  each  of  the  canals  considered  in  the  following  paragraphs  a 
general  description  and  a  statement  of  its  navigation  features  is  to  be 
found  in  Section  A  of  this  report.  The  canals  are  shown  on  plates 
Nos.  9  and  10,  the  power  sites  being  indicated. 

Galop  Canal, — ^It  is  believed  that  an  average  diversion  of  400  to 
800  cubic  feet  of  water  per  second  is  made  at  the  Galop  Canal  for 
power  development.  The  major  portion  of  this  quantity  is  conveyed 
down  the  old  canal  to  a  point  southeast  of  the  village  of  Cardinal, 
where  it  is  used  under  a  6-foot  head  by  the  Edwardsburg  Starch 
Works  in  its  manufacturing  process.  This  installation  is  reported  to 
be  200  horsepower.  At  50  per  cent  over-all  efficiency  this  development 
would  require  a  flow  of  690  cubic  feet  per  second.  The  plant  is  old 
uid  it  might  be  even  less  efficient.    On  October  6,  1914,  the  flow  to 
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this  plant  was  carefully  measured  and  found  to  be  480  cubic  feet  per 
second.  The  discharge  from  the  mill  enters  the  river  through  a  gap 
in  the  old  canal  walL 

At  Iroquois  there  are  two  small.power  plants  with  a  14- foot  head. 
That  belonffing  to  M.  F.  Beach  is  listed  at  40  horsepower,  while  the 
other,  which  is  the  water- works,  pumping  and  electric-light  plant  of 
the  town  of  Iroquois,  is  listed  at  90  horsepower.    The  plant  belong- 
ing to  Mr.  Beach  contains  modem  vertical-diaft  generating  units 
whose  efficiency  might  be  75  per  cent.    In  this  case  the  maximum 
quantity  of  water  required  is  34  cubic  feet  per  second.    The  plant 
is  operated  only  intermittently  to  run  a  gristnull  and  li^ht  part  of 
the  town  of  Iroquois.    The  town  plant  is  old  and  its  efficiency  might 
be  50  per  cent  or  less.    At  50  per  cent  efficiency  it  would  require  a 
maximum  of  115  cubic  feet  of  water  per  second.    It  is  not  operated 
continuously.    On  October  6,  1914,  the  flow  through  the  "  Cardinal 
Cut"  was  accurately  measured  and  found  to  be  260  cubic  feet  per 
second.    This  volume  of  flow  covered  the  demand  at  that  time  for 
power  development  at  these  two  plants,  the  waste  over  the  weir  at 
Lock  25,  any  possible  lockage  at  Liock  25,  and  seepage  and  evapora- 
tion.   These  two  plants  at  Iroquois  are  located  northwest  of  Liock  25, 
the  chamber  of  old  Lock  No.  25  forming  part  of  the  common  tail- 
race. 

Morriahv/rg  Ccmal, — ^At  the  lower  end  of  the  Morrisburg  Canal 
there  are  three  small  water-power  plants  owned  by  the  city  of  Mor- 
risburg. The  head  on  each  is  approximately  11  feet.  One  has  an 
800  kuovolt-ampere  generator,  requiring  1.000  cubic  feet  of  water 
per  second  for  full  load;  another  is  a  300-norsepower  city  lighting 
plant  requiring  800  cubic  feet  per  second;  and  tne  third  is  the  city 
water  works,  requiring  55  cubic  feet  per  second  for  power.  The  total 
consumption  of  the  three  plants,  namely,  lfi6^  <^ubic  feet  per  second, 
is  not  continuous.  On  October  10,  1914,  the  flow  in  the  canal  was 
measured  and  found  to  be  950  cubic  feet  i>er  second.  This  repre- 
sented the  entire  use  of  water  just  at  that  time  for  both  navigation 
and  power  purposes.  It  is  beheved  that  the  average  use  for  power 
devefopment  nms  from  800  to  1,400  cubic  feet  per  second. 

In  wintertime  accumulations  of  ice  downstream  sometimes  cause 
a  backwater  rise  which  occasionally  reaches  a  height  of  12  feet. 

ComwM  CwmA, — The  flow  in  the  Cornwall  Canal  has  never  been 
measured  so  far  as  is  known.  There  is  a  development  at  Mille  Boche, 
5  miles  below  the  head  of  the  canal,  and  there  are  5  developments  at 
Cornwall,  as  shown  in  Table  No.  19. 

Table  No.  19. — Water-power  developmenU  on  OormoaU  Canal. 


Location. 

Nor- 
mal 
head. 

Horse- 
power 
aevel- 
oped. 

Water 
used. 

Name  of  power  user. 

Hille  Roches 

Lock  18 

Feet. 
28 

?l 

30 
20 

20 

2,000 
800 

50 
2,900 

80 

50 

CuMcfeei 

per  second. 

800 

150 

10 

1,800 

50 

30 

St.  Lawrence  Power  Co. 
Toronto  Paper  Manufacturinf^  Co. 
Cornwall  C(ty  Pumping  Plant. 

Do 

Lock  17 

Canada  Cotton  Ca 

Do 

Cornwall  Electric  Light  A  Ry.  Co.;    Stormont  Electric 

Do 

Lipht  &  Power  Co. 
Hodge  Flour  Mill. 

Total 



5,880 

2,840 

• 
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A  total  diyersion  of  nearly  3^000  cubic  feet  of  water  per  second 
for  {xiwer  purposes  is  indicated,  but  the  full  amount  is  not  used 
continuously,  it  is  understood  that  in  wintertime  the  plants  at 
Cornwall  are  bothered  considerably  by  backwater  caused  by  accumu- 
lations of  frazil  ice  in  the  comparatiyely  quiet  waters  ox  Lake  St. 
Francis,  lliis  backwater  sometimes  rises  to  a  height  of  15  to  30 
feet  above  normal  level. 

Other  canals. — Considerable  power  is  developed  along  the  Sou- 
langes  Canal  and  the  Lachine  Canal.  The  old  Beauharnois  Canal 
is  used  solely  for  power  development.  These  canals,  as  already  ex- 
plained in  Section  A.  are  along  that  portion  of  the  St.  Lawrence 
which  is  entirely  Canadian,  and  hence  is  considered  to  be  outside 
the  territory  involved  in  this  investigation.  The  largest  single  de- 
velopment is  that  of  the  Cedars  Bapids  Manuf  acturin^g  &  Power  Co., 
on  the  north  side  of  the  river  at  Cedars  Bapids.  This  plant  utilizes 
a  30-foot  head,  developing  approximately  130,000  horsepower,  of 
which  more  than  60,000  horsepower  is  transmitted  into  the  United 
States  over  a  110,000-volt  line  for  consumption  by  the  Aluminum  Ca 
of  America  at  Massina,  N.  Y.  The  designed  contemplate  an  ultimate 
use  of  56,000  cubic  feet  of  water  per  second,  generating  150,000 
horsepower. 

8.   KA88KNA  CANAL. 

The  St.  Lawrence  Biver  Power  Co.,  which  is  controlled  by  the 
Aluminum  Co.  of  America,  diverts  about  30,000  cubic  feet  of  water 
per  second  from  the  St.  Lawrence  Biver  at  the  head  of  the  Long 
i^ault  Bapids  in  the  State  of  New  York,  returning  this  water  to  the 
St.  Lawrence  at  the  mouth  of  Grasse  Biver,  10)  miles  downstream 
from  the  point  of  diversion. 

The  St.  Lawrence  Biver  Power  Co.  was  incorporated  July  19, 
1902,  as  successor  to  the  St.  Lawrence  Power  Co.,  which  was  sola 
under  foreclosure.  It  has  authorized  an  outstanding  $3,500,000 
common  stock  and  authorized  $3,500,000  preferred  stock,  $3,000,000 
of  which  is  outstanding.  All  outstanding  stock  is  owned  by  the 
St.  Lawrence  Securities  Co.,  which  was  formed  by  tlie  Aluminum  Co. 
of  America  in  1906,  and  is  owned  by  it.  The  St.  Lawrence  Bive^ 
Power  Co.  has  no  bonded  debt. 

The  canal  and  other  main  works  of  this  company  are  shown  on 
Plate  No.  10. 

The  head  of  the  Massena  Canal  is  in  the  South  Sault  Channel, 
about  1  mile  below  Talcotts  Point,  which  is  at  the  head  of  the  South 
Sault  Bapids.  In  this  reach  of  the  river  the  power  company  has 
dredged  a  channel  150  feet  wide  and  14  or  more  feet  deep,  leading 
toward  the  head  of  the  canal. 

The  canal  extends  in  a  southeasterly  direction  from  its  entrance. 
16,200  feet  to  the  Grasse  Biver  at  Massena,  N.  Y.  It  has  a  bottom 
width  of  188  feet,  depth  of  25  feet,  and  side  slopes  of  1  on  1^.  The 
effective  wetted  cross-section  is  about  5,500  square  feet.  It  passes 
through  two  ridges,  each  over  2,000  feet  long,  requiring  maximum 
cuts  of  80  and  90  feet,  respectively.  The  excavation  was  almost 
wholly  in  earth.  The  canal  was  designed  to  be  navigable.  Of  the 
three  bridges  which  cross  it  one  has  60  feet  of  headroom  and  the  other 
two  have  lift  draw  spans. 
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The  power  house  stands  at  the  end  of  the  canal,  its  foundation 
forming  a  dam  across  the  canal,  and  its  face,  on  the  tailrace  side, 
extending  along  the  north  shore  of  Grasse  River.    The  old  and  new 
power  houses  form  one  continuous  structure.    In  the  new  power  house 
there  are  five  vertical  shaft  units.    Each  shaft  carries  two  turbine 
runners,  mounted  one  above  the  other  in  an  open  concrete  stall. 
There  is  a  separate  draft  tube  for  each  runner,  the  two  tubes  uniting 
in  a  common  tailrace  under  the  river  wall  of  the  power  house.    Four 
of  these  units  drive  direct-current  generators,  and  one  drives   an 
alternator,  each  generator  being  direct  connected  on  the  upper  end 
of  the  shaft.     Both  the  turbines  and  the  generators  are  of  Allis- 
Chalmers  manufacture,  and  each  unit  is  said  to  have  a  nomiiial  rat- 
ing of  6,000  horsepower.    The  old  power  house  contains  eight  hori- 
zontal shaft  imitB  of  6,000  horsepower  each.    These  units  consist  in 
each  case  of  six  separate  turbine  runners  of  1,000  horsepower  each 
on  the  same  horizontal  shaft  in  a  concrete  stall,  and  a  single  generator 
on  the  end  of  the  shaft  in  the  generator  room.    Four  of  the  turbines 
are  Dayton  Globe  Iron  Works  machines,  two  of  which  drive  Bullock 
direct-current  generators,  while  the  other  two  drive  Westinghouse 
direct-current  eenerators.    The  other  four  turbines  are  I.  P.  Sforris 
machines,  two  ariving  General  Electric  direct-current  generators,  and 
two  driving  Westingnouse  alternating-current  generators. 

The  tailrace  of  the  plant  is  formed  by  the  Grasse  River,  which 
runs  nearly  parallel  to  the  St.  Lawrence,  and,  in  this  locality,  within 
8i  miles  of  it.  It  is  7  miles  along  Grasse  River  from  the  power  house 
to  the  St.  Lawrence.  Originally,  this  reach  of  the  Grasse  River  was 
250  to  800  feet  wide  and  very  shallow.  Dred^ng  performed  in 
1914  to  1918  produced  a  channel  200  to  600  feet  wide  and  14  or  more 
feet  deep  throughout  the  7  miles,  the  current  in  which  is  less  than 
8J  miles  per  hour. 

The  discharge  into  the  upper  end  of  the  South  Sault  Rapids  was 
normally  about  50,000  cubic  feet  per  second,  or,  roughly,  one-fifth 
of  the  entire  flow  of  the  St.  Lawrence.  The  fall  from  the  head  of 
the  Massena  Canal  to  the  mouth  of  Grasse  River  was  approximately 
43  feet.  Until  recently  ^hen  operating  to  capacity  the  power  com- 
pany lost  about  7  feet  of  head  in  the  Grasse  River  and  2^  feet  in  the 
canal,  leaving  a  head  of  33^  feet  on  the  plant,  under  which  about 
80,000  horsepower  was  produced  with  a  use  of  80,000  cubic  feet  of 
water  per  second.  In  winter  time  there  was  a  great  deal  of  trouble 
with  floating  ice,  anchor  ice,  and  frazil,  and  the  power  house  could 
be  operated  at  onlv  a  fraction  of  its  summer  capacity,  the  head  at 
the  power  house  onen  being  reduced  to  25  feet,  the  flow  of  water  to 
6,000  cubic  feet  per  second,  and  the  power  output  to  10,000  horse- 
power. 

In  an  endeavor  to  remedy  ice  difficulties,  and  as  a  temporary  ex- 
pedient to  provide  more  power  for  the  manufacture  of  munitions  of 
war,  the  company  constructed  ice-diverting  works  of  special  desisn 
at  Talcotts  Point  in  the  summer  and  autumn  of  1918,  and  a  sub- 
merged rock  dam  across  the  South  Sault  Channel  just  downstream 
from  the  canal  entrance.  As  a  result  of  these  works  and  the  mild 
winter  of  1918-19  the  difficulties  with  ice  were  greatly  minimized, 
and  the  plant  was  able  to  maintain  an  output  of  45,000  to  65,000  horse- 
power.   Furthermore,  because  of  the  increased  head  of  about  3  feet 
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at  the  head  of  the  canal,  the  consequent  increased  carrying  capacity 
of  the  canal,  and  the  increased  discharging  capacity  of  Grasse  River 
due  to  dredging,  the  head  at  the  power  house  has  been  increased  8 
or  9  feet.  The  fall  in  the  canal  has  been  reduced  to  approximately  1 
foot  and  the  fall  in  Grasse  Biver  to  about  2^  feet.  An  output  of 
60,000  horsepower  is  now  produced  with  a  consumption  of  only  17,000 
cubic  feet  of  water  per  second.  Under  these  conditions  the  fall  in 
Grasse  Biver  was  about  2  feet  and  the  head  at  the  power  house  about 
4*3  leet.  Nearly  all  the  power  is  used  in  the  near-by  work  of  the 
Aluminum  Co.  of  America.  A  very  small  amount  is  used  for  lighting 
and  pumping  at  Massena. 

The  St.  Lawrence  Power  Co.,  which  originated  the  development  of 
this  plant,  was  incorporated  in  New  York  State  in  1896.  Construc- 
tion work  was  undertaken  soon  after,  and  had  proOT^sed  to  a  point 
in  1902  where  35,000  horsepower  was  available.  Owing  to  its  rela- 
tively inaccessible  location  no  market  for  the  power  was  developed 
and  the  project  became  a  financial  failure.  Foreclosure  proceedings 
were  unaertaken  on  behalf  of  the  bondholders,  and  on  July  8,  1902, 
the  property  and  franchises  were  sold  to  Mark  T.  Cox,  one  of  the 
incorporators  of  the  St.  Lawrence  Biver  Power  Co.,  for  $600,000. 
It  was  reported  that  up  to  that  time  the  development  had  cost  more 
than  $10,000,000,  the  funds  being  supplied  by  English  capitalists. 

9.   Lim-E  RIVER  AT  WADDINQTON,  X.  Y. 

Ogden  Island,  formerly  known  as  Crapseys  Island,  forms  the 
southerly  shore  of  the  Bapide  Plat.  These  rapids  and  the  Morrisburg 
Canal  following  their  northerly  shore,  have  been  described  in  Sec- 
tion A  of  this  report.  The  channel  between  O^den  Island,  which  is 
United  States  territory,  and  the  American  main  shore  is  knoWn  as 
Little  Biver.  It  is  approximately  3^  miles  long,  600  to  1,500  feet 
wide,  and  generally  shallow,  the  midstream  depth  varying  fi*om  0  to 
35  feet.  On  the  mainland,  a  little  below  mid  length  of  Little  Biver, 
is  situated  the  town  of  Waddington,  N.  Y.,  18  miles  downstream  from 
Ogdensburg,  N.  Y. 

At  Waddington  there  is  a  dam  950  feet  long  across  Little  Biver 
which  was  originally  built  more  than  100  years  ago.  It  is  reported  to 
have  been  constructed  of  stone  originally,  but  the  present  structure 
appears  to  be^  largely  of  wooden  cnbs  filled  with  bowlders,  a  part  of 
the  length  being  dry  rubble  wall.  It  is  verj^  dilapidated  and  leaky. 
The  head  of  water  on  the  dam  is  approximately  10  feet. 

At  the  downstream  side  of  the  dam,  near  midstream,  is  a  small 
power  house  owned  by  the  New  York  &  Ontario  Power  Co.  It  con- 
tains a  39-inch  Victor  turbine,  whose  maximum  discharge  at  full 
pite  is  about  110  cubic  feet  per  second.  It  drives  a  generator  which 
furnishes  power  for  lighting  the  village  of  Waddington  from  sunset 
to  1  o'clock  a.  m.  daily.  Its  power  may  also  be  used  for  pumping 
water  for  fire  protection  and  street  flushing. 

A  power  canal  15  to  20  feet  wide  leads  from  the  south  end  of  the 
dam  downstream  along  the  bank  of  the  river  for  about  950  feet.  It 
serves  four  small  plants.  Beginning  near  the  dam  there  is  a  small 
sawmill  owned  by  the  New  York  &  Ontario  Power  Co.  and  operated 
by  Dunn  &  Butherford,  of  Waddington.  It  has  an  old-style,  wooden 
scroll,  central  discharge  wheel  which  is  very  wasteful  of  water,  using 
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200  to  300  cubic  feet  per  second  when  operating,  but  which  is  run 
only  part  of  the  year.  Below  the  sawmill  is  a  Uacksmith  shop  in 
which  small  tools  are  driven  by  a  wooden,  central  discharge  wneel 
using  not  more  than  50  cubic  feet  of  water  per  second.  Below  the 
blacEsmith  shop  is  a  plant  for  separating  cream  from  milk.  It  uses 
a  wheel  similar  to  that  at  the  blacksmith  shop  and  requires  not  more 
than  50  cubic  feet  per  second.  The  fourth  plant  is  bdtow  the  separa- 
tor  and  is  a  planing  mill  which  is  not  in  use  more  than  one  month  a 
year.  It  has  a  woMen  scroll,  central  discharge  wheel  requiring  not 
more  than  100  cubic  feet  per  second.  To  recapitulate,  the  approxi- 
mate amount  of  water  used  in  all  water-power  plants  on  Little  Kiver 
is  given  in  Table  No.  20. 

Tabus  No.  20. — IMtle  River  toaier  poioer-'^pproximaie  present  use  of  water  in 

cubic  feet  per  second. 

Electric  lighting  and  punning  station 110 

SawmlU - 300 

Blacksmith  shop ^ 50 

S^;>arating  plants . , , 50 

Pinning,  mill . _.  100 

'    Total -J— : ^^ 1 610 

This  quantity  is  abbut  the  same  as  that  used  in  1899. 

About  900  feet  ,upstream  from  the  da^i  and  parallel  with  it,  there 
is  a  dike  built  partly  of  wooden  cribs  and  partly  solid  fill.  Toward 
the  inland:  end  there  are  two  openings  or  gaps  in  the  dike  spanned 
by  small  wagoix  bridge^,  ,one  opening  being  d2  feet  wide  and  the 
other  80  feet  wide.  On,  J^^ne  15,  1^14,  the  flow  of  water  through 
these  gups  -was  gauged  by  curreut  meter^   The  flow  through  the  north 

?ap  was;  1,850  cubic  feet  per  .second,  and  that  through  the  south  gap 
50  cubic  feet  per  second.  [The  drop  in  water  level  nrom  upstream  to 
downstream  side  of  the  dike,  was  lound  by  leveling  to  be  1.5  feet. 
The  leakage  through  the.  dike  was  estimated  roughly  to  be  600  cubic 
feet  per  second.  Altogether  the  flow  through  Little  Biver  was  thus 
3,200  cubic  feet  per  second,  a  quantity  which  was  1.1  per  cent  of  the 
total  discharge  of  the  St  Lawrence  Biver  at  that  time. 

The  right  to  construct  the  dam  was  originally  granted  to  David 
A.  and  Thomas  L.  Ogdei^  by  act  of  the  New  York  Etate  Legislature 
April  1,  1808  (chapter  121,  Laws  of  New  York,  1808).  This  act 
conferred  o^  these  men  and  their  associates  for  a  term  of  75  years 
the  right  to  construct  a  dam  and  lock  at  Waddington,  and  to  use 
the  water  impounded  by  the  dam  for  the  generation  of  power  for 
any  commercial  purpose.  On  April  17,  1826,  an  act  was  passed 
(chapter  280,  Laws  of  New  York,  1826) ,  setting  forth  the  following : 

David  A.  Ogden,  of  the  county  of  St.  Lawrence,  being  proprietor  of  both 
sides  of  the  branch  of  the  River  St.  Lawrence,  in  the  town  of  Madrid  (Wadding- 
ton), and  across  which  river  he  has  erected  a  dam  and  locks  in  pursuance  of 
an  act  passed  April  1,  1908,  shall,  and  he  is  hereby  declared  to  be  vested  with 
all  the  rights  of  the  people  of  this  State  to  the  lands  situated  below  the  said 
dam,  and  which  by  reason  tliereof  has  been  rendered  susceptible  to  improve- 
ment and  extending  down  the  branch  of  the  said  river  from  the  said  dam  to 
the  navigable  waters  thereof,  to  have  and  to  hold  to  the  said  David  A.  Ogden, 
his  heirs  and  assigns  forever. 

These  two  acts  therefore  vested  in  David  A.  Ogden  and  his  suc- 
cessors in  perpetuity  all  riparian  rights  on  both  sides  of  Little  River, 
ownership  of  the  bed  of  the  river  below  the  dam,  and  the  right  to 
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utilize  the  natural  flow  of  the  stream  for  the  development  of 
hydraulic  power  for  any  purpose  whatsoever.  The  natural  flow  of 
Little  River  is  reported  to  have  been  26,000  cubic  feet  per  second. 

The  New  York  &  Ontario  Power  Co.  now  holds  all  these  rights  and 
priyilege&  This  companv  was  incorporated  in  New  Yora  State 
April  18,  1906,  to  furnish  light  and  power  to  municipalities  and 
industries  in  northern  New  York.  It  has  an  authorized  capital 
stock  of  $2,000,000,  of  which  $225,000  is  outstanding.  Its  bonded 
indebtedness  is  $200,000,  the  authorized  bond  issue  bein^  $457,000. 
This  company  proposes  to  build  a  new  dam  about  1,000  feet  down- 
stream from  the  old  one,  remove  the  old  dam  and  dike,  dredge  the 
channel,  and  construct  remedial  works,  consisting  of  a  submerged 
rock  weir  across  the  Kapide  Plat  at  the  head  of  the  Morrisburg 
Canal,  and  a  diversion  wall  from  the  foot  of  Ogden  Island  to 
Canada  Island.  With  a  use  of  about  30,000  cubic  feet  of  water 
per  second  this  company  expects  to  develop  30,000  horsepower.  Ap« 
plication  for  a  permit  has  been  made  to  the  Secretary  of  War,  and 
the  matter  has  been  referred  to  the  International  Joint  Commission. 
A  hearing  was  held  by  the  commission  October  1,  1918. 

About  1911  the  New  York  A  Ontario  Power  Co.  made  a  contract 
with  the  Hydro-Electric  Power  Commission  of  Ontario  for  the 
delivery  of  15,000  horsepower  at  a  sliding  scale  of  rates  varying 
from  $13  per  horsepower  per  annum  for  tne  first  2,000  horsepower 
down  to  $10.50  for  each  horsepower  per  annum  above  10,000.  The 
Hydro.  Commission  constructed  a  transmission  line  for  a  distance 
along  the  north  side  of  the  St.  Lawrence  Biver,  and  a  start  was 
made  on  construction  of  the  river  crossing  to  Ogden  Island,  just 
above  Morrisburg.  The  power  company  failed  to  build  its  plant, 
however,  and  to  nilfill  its  part  of  the  contract. 

The  location  of  this  project  is  shown  on  plate  No.  9. 

10.  XX>KG   SATJLT   BAPIDS   FROJSCT. 

The  Long  Sault  Rapids  of  the  St  Lawrence  Biver  and  the  South 
Saolt  Rapids  are  shown  on  Plate  No.  10.  In  the  South  Sault  Rapids 
from  Delany  Island  to  the  foot  of  Long  Sault  Island  there  is  a  fall 
of  32  feet,  and  from  this  point  to  the  foot  of  Bamhart  Island  the 
fall  is  about  12  feet,  giving  a  total  head  of  44  feet. '  The  entire  fall 
from  Richards  Landing  to  mouth  of  Orasse  River  is  48  feet,  and  from 
the  head  of  the  Cornwall  Canal  to  the  mouth  of  Ghrasse  River  it 
is  45  feet 

The  average  elevation  of  Lake  Ontario  for  the  59  years,  1860 
to  1918,  both  inclusive,  was  246.18  feet.  Under  present  conditions 
at  this  stage  of  the  lake  the  St.  Lawrence  River  discharges  241,000 
cubic  feet  of  water  per  second.  Normally  about  48,000  cubic  feet 
per  second  of  this  went  down  the  South  Sault  Rapids.  At  Barnhart 
Island  the  division  appears  to  be,  roughly,  226,000  south  of  Barn- 
hart  Island,  12,000  between  Barnhart  and  Sheek  Islands,  and  8,000 
through  the  Cornwall  Canal  north  of  Sheek  Island. 

On  May  23,  1907,  the  Long  Sault  Development  Co.  was  incor- 
porated in  New  York  to  develop  the  power  of  the  Long  Sault  and 
South  Sault  Rapids  (chapter  855,  Laws  of  New  York,  1907).  This 
company  was  owned  by  the  St.  Lawrence  Securities  Co.,  which  in 
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turn  is  owned  by  the  Aluminum  Co.  of  America.  Its  authorised 
capital  stock  was  $1,000,000.  The  plans  of  this  company  involved 
a  development  of  the  Long  Sault  Bapids  which  required  a  dana 
3,800  feet  long  across  these  rapids  between  Barnhart  and  Long  Sault 
Islands,  a  dam  1,450  feet  long  between  Barnhart  Island  and  the 
bank  of  the  Cornwall  Canal  at  Lock  20,  excavation  of  a  channel 
1,000  feet  wide  between  3arnhart  and  Sheek  Islands,  and  excava- 
tion of  a  channel  through  the  lower  end  of  Barnhart  Island  to  t'wo 
power  houses  at  the  water's  edge.  The  head  at  these  power  houses 
was  to  be  about  40  feet.  The  plans  also  included  a  development  of 
the  South  Sault  Bapids  by  a  dam  and  power  house  at  the  east  end 
of  Long  Sault  Island,  where  a  head  of  35  feet  was  to  be  obtained. 
At  mean  stage,  and  80  per  cent  over-all  efficiency,  the  indicated  horse- 
power is  1,027,000.  At  a  low-river  stage  the  power  production  would 
fall  to  600,000  horsepower. 

The  company  proceeded  to  purchase  the  whole  of  Barnhart  Island, 
the  lower  half  ot  Long  Sault  island,  all  of  the  American  main  shore 
from  the  Massena  Canal  down  to  a  point  o{)posite  the  foot  of  Barn- 
hart Island,  and  much  other  land  on  the  islands  and  main  shores 
in  the  vicinity,  including  all  the  riparian  rights  deemed  necessary. 
It  also  undertook  extensive  engineering  investigations  related  to 
the  project 

To  obtain  the  necessarv  congressional  authority,  a  bill  was  intro- 
duced into  the  House  or  Bepresentatives  in  February,  1907.  This 
was  later  withdrawn,  and  in  December,  1909,  another  bill  was  intro- 
duced. This  also  was  withdrawn.  Bills,  were  introduced  also  in 
January,  1911,  and  1912,  but  failed  of  passage,  and  no  Federal  au- 
thority was  ever  granted  for  the  project* 

Meantime  the  authority  of  the  I'arliament  of  Canada  was  also 
sought,  but  without  success,  there  bein^  much  opposition  to  any  at- 
tempt to  develop  the  power  of  these  rapids  before  Canada  had  devel- 
oped a  market  capable  of  absorbing  half  the  power  produced.  The 
navigation  interests  of  Canada  were  unalterably  opposed  to  obstruct- 
ing the  rapids.  Much  stress  was  laid  on  the  danger  of  destructive 
ice  blockades  and  their  attendant  floods. 

The  matter  was  referred  to  the  International  Waterways  Commis- 
sion which  held  public  hearings  by  the  full  commission  October  24, 
1907,  and  November  21,  1908,  at  TorcMito,  and  February  26,  1909, 
at  Buffalo;  and  by  the  Canadian  section  of  the  commission  November 
6,  1907,  at  Montreal,  and  February  8,  1910,  at  Toronto.  The  Cana- 
dian members,  however,  failed  to  report,  so  that  no  report  by  the 
commission  as  a  whole  was  possible.  The  American  section  reported 
favorably  to  the  proposition  on  March  11, 1910. 

In  May,  1911,  the  constitutionality  of  the  State  grant  was  chal- 
lenged, and  on  December  30,  1912,  the  attorney  general  of  the  State 
of  New  York  rendered  his  opinion  that  the  act  granting  the  charter 
was  unconstitutional.  An  act  to  repeal  the  act  of  incorporation  was 
passed  May  8,  1913  (chapter  452,  Laws  of  New  York,  1913).  This 
act  appropriated  $36,320  with  w-hich  to  refund  the  company  the 
money  paid  by  it  into  the  State  treasury.  On  the  same  date  another 
act  was  passed  empowering  the  State  board  of  claims  to  adjudicate 
upon  any  claims  that  might  be  presented  by  the  Long  Sault  Develop- 
ment Co.  (chapter  453,  Laws  oi  New  York,  1913). 
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The  company  claimed  it  had  expended  one  and  three-guarter  mil- 
lion dollars  or  more  in  this  enterprise,  and  argued  that  it  should  b€ 
reimbursed  by  the  State. 

In  1913  the  court  of  appeals  upheld  the  State's  contentions.  No 
reimbursement  for  development  expenditures  was  allowed.  In  De- 
cember, 1916,  the  United  otates  Supreme  Court  handed  down  a  deci- 
sion declaring  the  charter  of  the  Long  Sault  Development  Co.  uncon- 
stitutional and  otherwise  upholding  the  contentions  of  the  State  of 
New  York. 

1 1.  ERIE  A,  ONTARIO  SANITARY  CANAL. 

The  project  of  the  Erie  &  Ontario  Sanitary  Canal  Co.  involves  a 
diversion  of  26,000  cubic  feet  of  water  per  second  from  Lake  Erie, 
just  south  of  Buffalo,  with  which  it  is  proposed  to  develop  800,000 
horsepower.  The  project  as  a  whole  and  its  navigation  features  in 
particular  have  been  described  in  Section  A  of  this  report,  and  its 
sanitary  features  in  Section  B.  In  Section  F  will  be  found  a  treai 
ment  ox  the  power  features  in  considerable  detail. 

W,  S.  BlOHKOND. 


Appendix  B. 
FIELD  AND  OFFICE  OPERATIONS. 


[Section  D  of  Mr.  Richmond'^  Report] 

At  the  beginning  of  this  investigation  operations  were  confined  to 
office  studies,  conrerences,  and  corresponaence  until  the  middle  of 
September,  when  authorities  had  been  secured  and  plans  perfected 
for  undertaking  the  field  work  which  was  essential  to  a  compre- 
hensive consideration  of  that  portion  of  the  investigation  pertain- 
ing to  Niagara  Falls  and  the  Niagara  Biver.  Following  the  assem- 
blmg  of  field  force  and  eq[uipment  and  the  securing  of  civil  and  mili- 
tary permits  to  enter  private  property  and  the  carefully  guarded 
grounds  and  plants  along  both  sides  of  the  Niagara  River  actual  field 
work  was  commenced  September  20, 1917. 

Great  difficulties  were  met  with  in  securing  proper  assistance,  due 
to  war  conditions.  Eventually  most  of  the  technical  personnel  was 
drawn  from  the  staff  of  the  tlnited  States  Lake  Survey.  In  all  18 
men  were  employed  upon  the  field  work,  although  the  greatest  num- 
ber engaged  at  any  one  time  was  15. 

The  extreme  and  long  continued  cold  weather  for  which  the  winter 
of  1917-18  was  noted  was  a  further  handicap  to  the  rapid  prosecu- 
tion of  the  work.  Temperatures  below  zero  prevailed  for  days  at  a 
time,  causing  great  hardship  to  the  working  force  and  delaying  much 
of  the  work,  particularly  the  rock  sounding.  This  job  was  com- 
pleted on  February  8,  1918,  and  this  day  marked  the  completion  of 
the  field  work  except  for  minor  items  of  reconnaissance. 

Survey  of  Horseshoe  Rapids. — The  most  difficult  portion  of  the 
field  work  was  the  survey  of  the  rapids  of  the  Niagara  River  just 
above  the  Horseshoe  Falls.  The  purpose  of  this  survev  was  to  pro- 
vide data  on  the  depth  of  water,  its  direction,  and  velocity  of  now 
throughout  a  reach  of  rapids  extending  about  one-half  mile  upstream 
from  the  Horseshoe  Falls;  also  to  obtain  actual  elevations  above 
standard  datum  of  the  water  surface  at  various  points.  This  data 
was  essential,  first,  to  an  intelligent  study  of  the  preservation  of 
the  Horseshoe  Falls  from  destructive  erosion  and  the  matter  of  in- 
creasing its  beauty  by  a  better  distribution  of  water  along  its  crest; 
second,  in  estimating  the  total  quantity  of  water  which  may  safely 
be  diverted  from  the  Nigara  River  above  the  Falls. 

The  area  to  be  surveyed  lay  between  the  crest  of  the  Falls  and  the 
First  Cascade.  Its  greatest  length  was  4,000  feet,  and  its  greatest 
width  3,000  feet.  Within  this  area  the  depth  varies  greatly,  with  a 
maximum  of  more  than  10  feet.  The  velocity  of  the  current  ranges 
from  4  to  more  than  23  feet  per  second,  and  there  are  many  cas- 
cades, standing  waves,  and  areas  of  broken  water.  It  is  not  safe 
for  a  boat  to  approach  closer  than  within  1  mile  of  the  upstream 
limit  of  the  survey. 
234 
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To  measure  depths  and  current  velocities  under  these  very  ad- 
verse conditions  was  an  undertaking  of  no  smidl  difficulty.  The 
method  finally  adopted  was  a  development  of  that  used  by  the  United 
States  I/ake  Survey  in  1906  and  1907  for  somewhat  similar  work 
under  much  more  favorable  conditions.  Briefly,  it  consisted  of  send- 
ing rod  floats  of  known  submerged  lengths  through  the  rapids  and 
locating  their  positions  at  frequent  intervals  by  mtorsections  from 
two  or  more  transits  on  shore.  Plotting  these  locations  gives  the 
current  directions.  When  floats  do  not  touch  the  bottom  the  time 
elapsing  between  locations  gives  a  measure  of  the  velocity.  When 
floats  do  drag  on  the  bottom  the  observer  estimates  the  angle  of 
inclination,  and  from  that  the  depth  of  water  can  be  computed. 

During  the  month  of  October,  1917,  a  number  of  experimental 
floats  were  built  and  tried.  The  first  were  broken  in  pieces  on  passing 
over  the  cascade,  but  a  satisfactory  design  was  soon  worked  out.  For 
each  float  two  short  pieces  of  cedar  fence  post  were  fastened  near  the 
top  of  a  16- foot  spruce  2  by  4.  Above  these  a  liffht  frame  of  1  by  2 
inch  pieces  carried  a  flag  and  target  of  red  and  black  cloth.  At  the 
lower  end  of  the  2  by  4,  sufficient  ballast,  in  the  form  of  cast-iron 
sash  weighte,  was  attached  so  that  the  whole  floated  in  a  vertical 
position  with  the  bottom  just  14  feet  below  the  water  surf aee,  and  the 
(!edar  blocks  protruding  just  1  inch  out  of  water.  This  was  called  a 
^14-foot  float.^  Floate  were  built  on  this  principle  in  submersed 
lengths  of  1,  2,  4,  6,  8, 10, 12,  and  14  feet,  except  that  in  the  smaller 
sized  ^  by  2  sticks  were  used  instead  of  2  by  4s.  The  1  foot  and  2  foot 
float  did  not  give  very  satisfactory  service.  Floate  of  the  4,  6,  10, 
12,  and  14  foot  lengths  are  illustrated  in  photograph  No.  62. 

The  work  of  running  and  locating  these  floate  was  done  in  the 
month  of  Noy^nber^  1917.  The  entire  field  force  was  used,  being 
divided  into  six  parties  of  two  or  three  men  each.  Four  of  these  were 
transit  parties,  consisting  of  an  instrument  man,  a  recorder,  and,  in  one 
party,  a  signal  man.  The  stetions  occupied  bv  tiie  transit  parties  are 
shown  on  plate  No.  19,  marked  J,  W,  D,  and  H.  Four  tran»t  parties 
were  used  to  increase  the  number  of  successful  locations  and  check 
their  accuracy  and  also  to  obtein  more  estimates  of  angles  of  float 
inclination.  Often  a  float  would  be  invisible  from  one  or  more  sta- 
tions. When  a  float  was  passing  through  the  rapids  the  signalman 
dropped  a  lar^  flag  at  regular  intervals,  which  fact  was  immediately 
called  out  by  the  four  recorders  to  their  respective  transit  men  as  the 
signal  for  simulteneous  pointings  upon  the  float.  The  transitmen 
thereupon  read  intersection  angles,  and.  if  the  float  was  dragging  on 
the  bc^ttom,  estimated  the  angle  the  noat  made  with  the  vertical. 
These  observations  were  made  at  intervals  of  from  8  to  25  seconds, 
which  required  very  quick  work  by  both  observer  and  recorder.  Some 
intermediate  observations  of  float  striking  or  dragging  were  made 
and  recorded.  This  frequency  of  reading  was  necessary  because  some 
floats  made  the  whole  tnp  from  below  the  cascade  to  the  crest  of  the 
falls  in  about  60  seconds. 

The  fifth  party  launched  the  floate  from  a  small  motor  boat  at 
points  below  Navy  Island.  The  last  party,  which  was  furnished  with 
an  automobile,  inspected  and  supervised  the  work,  transported  men, 
instTTunente,  and  materials  to  the  various  stations,  and  carried 
Daessages  from  one  party  to  another. 
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This  work  was  considerably  delayed  by  rain,  snow,  and  fog,  but 
was  completed  during  the  month  of  November.  The  following  i&ures 
give  some  idea  of  the  magnitude  of  the  work :  Altogether  217  floats 
were  used.  These  contained  nearly  2,000  board  feet  of  lumber  and 
nearly  1^  tons  of  sash  weights.  The  launch  ran  more  than  200  miles 
and  the  automobile  about  300  miles. 

Photographs  Nos.  63  and  64  each  show  the  automobile  party  and 
one  transit  party. 

In  the  office  reduction  of  this  work  the  float  locations  were  carefully 
plotted  on  a  map  of  the  rapids  on  a  scale  of  1=5,000.  Lines  connect- 
ing the  successive  locations  of  the  same  float  gave  the  direction  of  the 
current  at  various  points.  These  directions  are  shown  on  plate  No. 
19.  The  recorders'  notes  showed  whether  or  not  the  floats  were  drag- 
^ng*  on  the  bottom.  In  the  case  of  those  which  were  not  dragging 
the  distance  between  successive  positions  of  a  float  were  divided  by 
the  elapsed  time,  giving  the  current  velocity  in  feet  per  secono. 
These  are  plotted  on  plate  No.  20.  From  floats  that  drag^d  on  the 
bottom  the  depth  of  water  at  each  location  and  intermediate  point, 
was  computed  from  the  known  submerged  length  of  the  float  and  the 
angle  of  inclination  estimated  by  the  transitman.  The  depths  are 
shown^on  plate  No.  21. 

At  times  when  floats  were  not  bein^  run,  the  tr^nsitmen  read  inter- 
sections and  vertical  angles  to  projecting  rocks  and  other  points 
on  the  water  surface  of  the  rapids  which  could  be  identified  by  two 
or  more  parties.  From  these  the  elevation  of  the  water  surface  at 
these  points  was  computed  and  plotted,  and  a  rather  rough  contour 
map  of  the  water  suriace  was  constructed  on  tracing  paper.  Super- 
imposing this  upon  the  sheet  of  depths  the  elevation  of  the  river 
bottom  was  computed  from  each  depth,  and  plotted  on  another  sheet. 
A  contour  map  of  the  river  bottom  was  thus  constructed,  showing 
5-f oot  contours.    This  is  shown  on  plate  No.  22. 

This  survey  of  the  rapids,  and  the  results  obtained  constitute  a 
very  satisfactory  solution  oi  the  difficult  problem  of  determining 
the  hydrographic  and  hydraulic  conditions  above  the  falls.  It  is 
unfortunate  tnat  there  were  certain  areas  through  which  no  floats 
could  be  made  to  pass.  Nevertheless,  the  survey  resulted  in  a  very 
great  increase  in  the  knowledge  of  Niagara  conditions. 

Survey  of  crest  line  of  Horseshoe  rails. — ^The  survey  of  the  crest 
line  of  the  Horseshoe  Falls  was  prosecuted  at  odd  moments  during 
December,  1917,  and  January,  1918,  whenever  an  instrument  and 
observer  were  available.  The  work  consisted  simply  of  intersecting 
various  points  on  the  crest  from  stations  on  shore.  An  effort  wa^ 
made  to  have  the  resulting  line  represent  the  edge  of  the  rock  cliff 
and  not  the  curving  surface  of  the  falling  water.  This  survey  is 
well  tied  into  the  geodetic  surveys  of  the  International  Waterway 
Commission  and  the  United  States  Lake  Survey,  and  through  these 
to  the  previous  crest  line  surveys  of  the  lake  survey  and  others.  It 
is  plotted  on  a  scale  of  1 :  2000  together  with  the  results  of  earlier  sur- 
veys on  plate  No.  18.  The  results  of  this  work  are  discussed  in  Ap- 
pendix C  of  this  report.  Table  No.  21  contains  descriptions  of  the 
various  goedetic  points  in  the  vicinity  of  the  Falls  with  their  geodetic 
coordinates  reduced  to  a  common  datum. 
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Table  No.  21. — Triangulation  stations  used  in  survey  of  crest  line  and  rapids, 

[Positions  are  referred  to  U.  S.  Standard  datum.] 

;,  M. — ^This  station,  establisbed  by  the  New  York  State  survey  In  1890,  is 
at  tlie  head  of  the  stairs  and  path  down  to  Terrapin  Rock  at  the  west  end  of 
Goat  Island,  being  the  center  of  a  cross  on  the  top  of  an  8-inch  stone  post 
buried  10  inches  below  the  surface  and  surrounded  by  a  piece  of  tiling  which 
reaches  above  the  surface  of  the  ground. 

latitude  43**  04'  50.03" ;  longitude  79**  04'  24.57". 

A  Terrapin.— This  station  was  established  in  1886  by  R.  S.  Woodward  for 
the  United  States  Geological  Survey  and  is  probably  very  close  to  the  point  of 
the  same  name  used  by  the  United  States  Lake  Survey  in  1875.  It  is  a  cross 
on  a  brass  bolt  expanded  into  a  drill  hole  in  the  top  of  Terrapin  Rock  on  the 
Goat  Island  end  of  the  Horseshoe  Falls.  The  name  "  Terrai>in  **  is  cut  in  rude 
letters  on  the  rock  around  the  bolt. 

Latitude  43°  04'  48.90" ;  longitude  79'  04'  28.06". 

A  NaU. — This  station  was  established  In  1917  on  the  west  side  of  Goat 
Island  near  the  top  of  the  bank  and  about  halfway  between  A  M  and  A  T.  P. 
No.  6.    It  is  marked  by  no  permanent  monument. 

latitude  43°  04'  47.66" ;  longitude  79°  04'  23.59". 

Boundary  monument  No.  21. — This  station  was  established  by  the  Interna- 
tional Waterways  Commission  about  1912.  It  is  one  of  the  commi88lon*B 
standard  monuments  and  is  on  the  top  of  the  bank  on  the  southwest  side  of 
Goat  Island  about  560  feet  southeast  of  the  top  of  the  path  leading  to  Terrapin 
Rock. 

Utltude  43°  04'  45.40";  longitude  79°  04'  20.39". 

Note. — ^The  International  Waterways  Commission's  triangulation  gives  the 
Jocatlon  of  boundary  monument  No.  21  as — 

Utitude  48*  04'  45.36" ;  longitude  79°  04'  20.88". 

A  T,  P.  No.  «•— This  station  was  established  in  1842  by  James  Hall,  State 
geologist  of  New  York.  It  is  on  the  southwest  side  of  Goat  Island,  about  470 
feet  southeast  of  the  top  of  the  path  leading  to  Terrapin  Rock,  being  a  cross 
cut  in  the  top  of  a  stone  post,  8  inches  square,  standing  in  the  path  and  pro- 
jecting 9  inches  above  the  surface.  The  top  of  the  stone  is  badly  kmttered,  but 
shows  a  rude  "  6  "  cut  on  one  side. 

Latitude  43°  04'  45.68" ;  longitude  79°  04'  21.65". 

Q  D. — ^This  station  was  established  In  1917.  It  is  at  the  top  of  the  bank  on 
the  southwest  side  of  Goat  Island,  about  30  feet  west  of  A  T.  P.  No.  6.  It  is 
marked  by  no  permanent  monument. 

Latitude  43°  04'  45.68" ;  longitude  79°  04'  22.08". 

E  H.— This  station  was  established  in  1917.  It  is  at  the  foot  of  the  bank, 
near  a  timber  sea  wall  on  the  south  side  of  Goat  Island,  about  650  feet  east  of 
A  T.  P.  No.  6.    It  is  marked  by  no  permanent  monument. 

Latitude  43°  04'  43.72";  longitude  79°  04'  13.31". 

□  Walk. — ^This  station  was  established  in  1917.  It  is  on  the  Canadian  side 
at  the  top  of  the  cliff  above  the  outfall  of  the  Canadian  Niagara  Power  Co.'s 
tunnel.    It  is  marked  by  no  permanent  monument. 

Latitude  43°  04'  48.97" ;  longitude  79*  04'  42.66". 

Boundary  monument  No.  20.— This  station  was  established  by  the  Interna- 
tional Waterways  Commission  about  1912.  It  is  one  of  the  commission's  stand- 
ard monuments  and  is  on  the  Canadian  side,  about  180  feet  southwest  of  the 
Canadian  end  of  the  Horseshoe  Falls. 

Latitude  43°  04'  44.19" ;  longitude  79*  04'  42.88". 

Note.— The  International  Waterways  Commission's  triangulation  gives  the 
position  of  boundary  monument  No.  20  as — 

Latitude  43°  04'  44.15" ;  longitude  79°  04'  42.80". 

Q  i.— This  station  was  established  in  1917.  It  is  near  the  top  of  the  bank 
on  the  Canadian  side,  about  100  feet  southwest  of  boundary  monument  No.  20. 
It  is  marked  by  no  permanent  monument. 

Latitude  48°  04'  48.86" ;  longitude  79°  04'  48.57". 

Q  2.—This  station  was  established  in  1917.  It  is  near  the  top  of  the  bank 
on  the  Canadian  side,  about  200  feet  southwest  of  boundary  monument  No.  20. 
it  la  marked  by  no  permanent  monument. 

Latitude  48^  04'  42.54" ;  longitude  79°  04'  44.82". 
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Q  5. — ^Thls  station  was  established  in  1917.  It  is  near  the  top  of  the  bank 
on  the  Canadian  side  about  300  feet  southwest  of  boundary  monument  No.  20. 
It  is  marked  by  no  permanent  monument 

Latitude  43**  04'  41.72" ;  longitude  79'*  04'  45.08". 

A  CanaL — ^This  station  was  established  in  1906.  It  is  on  the  Canadian  side 
just  above  the  intake  canal  of  the  International  Railway  Co.'s  power  house,  be- 
ing a  cross  cut  on  a  quarter-inch  bolt  in  the  top  of  a  rough  stone  12  by  18  by  18 
inches,  3  Inches  below  the  surface  of  the  ground.  Stone  is  marked  "  U.  S.  A  L  S." 
It  is  22.8  feet  west  of  the  southeast  comer  of  concrete  wall  which  runs  Bonth 
along  the  shore  from  the  canal,  33.8  feet  southwest  from  the  northwest  comer 
of  same  wall  and  156  feet  southeast  from  the  south  abutment  of  the  railway 
bridge. 

Latitude  43**  04'  38.89" ;  longitude  79"  04'  46.26". 

D  W, — ^Thls  station  was  established  in  1917.  It  is  on  top  of  the  bank  on  the 
Canadian  side,  near  its  edge,  about  325  feet  south  of  the  intake  canal  of  the 
International  Railway  Co.'s  power  house.  It  is  marked  by  no  permanoit  moDU- 
ment. 

Latitude  43**  04'  86.26" ;  longitude  79**  04'  44.48". 

E) '/. — ^This  station  was  established  in  1917.  It  is  on  top  of  the  bank  on  tbe 
Canadian  side,  near  its  edge,  about  130  feet  northwest  of  the  Toronto  Power 
Co.*s  power  house.    It  is  marked  by  no  permanent  monument 

Latitude  43**  04'  21.82"  ;  longitude  79"  04'  29.94". 

A  Lorretto, — This  station  Is  the  center  of  the  cross  on  the  Lorretto  Convent 
on  the  high  bank  west  of  the  Michigan  C^itral  Railroad  Co.'s  tracks,  south  of  tbe 
Falls  View  Station.  This  point  was  located  by  R.  S.  Woodward  in  1886.  In 
1890  the  New  York  State  survey  placed  a  brass  screw  in  the  tin  deck  of  tte 
cupola  directly  under  the  center  of  the  cross  and  occupied  that  station. 

Latitude  43*  04'  82.85" ;  longitude  79*  04'  57.11". 

Float  medsurements  in  the  Gorge. — For  the  study  of  the  effect 
of  building  a  dam  at  the  foot  of  Fosters  Flats  further  knowledge  of 
hydraulic  conditions  in  the  rapids  below  and  above  the  Whirlpool 
was  necessary.  There  are  published  records  of  soundings  taken  at 
most  of  the  points  where  sounding  operations  are  possible  without 
great  expenditure  of  time  and  money.  It  was  not  thought  that  the 
expense  of  further  soundings  would  be  justified  by  the  value  of  the 
results.  Instead  it  was  decided  to  obtain  a  few  velocity  measure- 
ments. As  the  total  flow  through  the  rapids  at  any  time  is  known^ 
and  also  the  width  at  any  point,  the  cross  sectional  area  and  mean 
depth  could  be  determined  roughly  from  the  velocities  shown  by  a 
few  floats. 

Six  bases,  of  various  lengths  ranging  from  100  to  300  feet,  were 
laid  out  in  the  rapids.  They  were  located  as  follows :  No.  1  was  just 
upstream  from  the  Whirlpool;  No.  2  was  just  upstream  from  the 
Eddy  Basin,  No.  3  was  2,000  feet  downstream  from  the  Michigan 
Central  Kailroad  bridge,  No.  4  was  600  feet  downstream  from  the 
same  bridge,  No.  5  was  abreast  of  Thompsons  Point,  and  No.  6  was  at 
the  head  of  Fosters  Flats. 

The  floats  used  were  rod  floats  that  had  been  prepared  for  use  in 
the  survey  of  the  Horseshoe  Rapids  but  had  not  been  needed  there. 
Most  of  them  were  14  feet  in  length,  although  lengths  of  4,  6,  7,8,  and 
and  10  feet  were  also  used.  The  floats  were  lowered  into  the  river 
from  the  Grand  Trunk  Railway  bridge  or  thrown  from  the  American 
shore  at  the  exit  of  the  Whirlpool.  The  time  of  passing  the  bases 
as  observed  on  stop  watches  and  the  distance  of  the  floats  from  the 
American  shore  was  estimated.  In  all  48  floats  were  run.  The 
velocities  observed  varied  from  5.5  to  38  feet  per  second. 

Plats  were  made  of  the  velocities  observed  at  each  section,  rough 
transverse  velocity  curves  drawn,  and   an  estimate  of  the  meaji 
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velocity  of  the  whole  stream  made.  Dividing  the  discharge  of  the 
river  by  this  velocity  gave  the  cross  sectional  area,  and  this  divided 
by  the  width  gave  the  mean  depth.  In  addition  four  sounded  profiles 
of  the  Oorge  made  by  Canadian  survevs  were  available  and  two 
profiles  from  the  work  of  the  Lake  Survey. 

The  Gorjge  from  the  American  Falls  to  the  foot  of  Fosters  Flats 
was  then  divided  into  five  sections,  and,  from  a  study  of  all  the  avail- 
able data,  mean  values  for  the  width  and  hydraulic  mean  depth  were 
adopted.  Yalues  of  ^^n,"  the  coefficient  of  roughness,  were  then 
adopted  for  each  section  such  that  by  using  i£tnning's  formula, 

-,    1.486         , 

V  =    ^    R^^'VRS,  the  computed  slope  for  each  section  was  the  same 

as  the  slope  shown  on  the  Lake  Survey  mean  profile  of  the  Lower 
Niagara  Kiver.  The  values  of  "n"  used  varied  from  0.050  in  the 
smoothest  section  to  0.057  and  0.059  in  the  swiftest  rapids. 

Backwater  computations  were  then  made  by  successive  approxima- 
tions in  the  usual  manner  to  show  how  much  the  water  in  different 
parts  of  the  Gorge  would  be  raised  by  a  dam  at  the  foot  of  Fosters 
Flats. 

Table  No.  22  shows  the  amount  of  rise  at  three  different  points 
that  would  be  caused  by  dams  of  various  heights  at  the  foot  of 
Fosters  Flats. 

Tabi£  No.  22. — Amount  of  haehwater  rise  at  variant  points  in  the  Oorge  by  dam 
at  foot  of  Fosters  Flats,  where  present  mean  stage  elevation  is  £72, 


Backwater  rise  at— 

Bleyatioin  of  wator  at  craft  of  dam. 

Foot  or 
Foster 
Flats. 

Whirl- 
pool 
gsuge. 

Sus- 
pension 
Bridge 
gauge. 

Maid  of 
the  Mist 
landtng. 

325 

0 

63 
08 
72 

34.71 
44.15 
48.91 
58.80 

1.50 

5.47 

8.17 

10.78 

1.50 

»5 

5.44 

m 

8.10 

m 

10.  (SO 

Photogntphs. — An  important  part  of  the  field  work  was  the  taking 
of  a  series  of  photograpns  showin|7  the  appearance  of  various  parts 
of  the  river  at  different  stages.  On  October  30,  1917,  a  full  set  of 
photographs  was  obtained  at  an  extremely  high  stage  of  the  river. 
On  November  7  and  8  a  set  was  obtained  at  a  little  above  mean  stage. 
Attempts  to  get  pictures  at  an  extreme  low  stage  failed,  as  such  stages 
only  occurrea  during  heavy  northeast  ^les  accompanied  hj  rain  or 
snow,  during  which  time  it  was  Quite  impossible  to  get  satisfactory 
photographs.  A  third  set  was  obtained  on  December  3,  7,  and  18, 
when  the  stage  was  a  little  below  the  average.  In  all  54  photographs 
were  taken.  These  pictures  are  presented  and  discussed  m  Appendix 
C  of  the  report. 

Other  photographs  were  taken  showing  the  methods  and  equipment 
iised  in  the  field  work. 

Gauges. — The  first  field  work  accomplished  was  the  installation  of 
automatic  water  gauges.  Reconnaissance  for  this  work  was  begun 
on  September  20,  1917,  and  the  last  gauge  was  installed  on  October 
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27, 1917.  Much  other  work  was  done  during  this  period.  The  prin- 
cipal use  of  these  gauges  was  to  determine  the  discharge  of  the  river 
at  the  times  of  taldng  photographs  or  running  floats.  It  was  also 
desired  to  obtain  more  accurate  data  on  the  slope  of  the  lower  river 
between  the  Maid  of  the  Mist  Pool  and  Lewiston  to  disclose  any 
possible  changes  of  importance  in  regimen  of  the  river  due  to  in- 
creased  diversions  of  water  for  power  development,  or  erosion  of  the 
Horseshoe  Falls,  and  to  strengthen  and  expand  the  data  on  which 
predictions  of  future  effects  of  erosion  and  diversions  had  very  largely 
to  be  based. 

Eight  automatic  gauges  were  installed.  They  were  Lake  Survey 
gauges  of  the  "  W  ilson  type."  The  main  vertical  scale  on  each  v^as 
3  inches  to  the  1  foot,  and  the  time  scale  was  2  inches  to  1  hour. 
The  supplementary  vertical  scale  was  one-half  inch  to  the  foot  on 
the  Chippawa,  Terrapin  Point,  Prospect  Point,  and  Lewiston  gauges 
and  one-fourth  inch  to  the  foot  on  the  others.  Each  instrument 
provided  a  continuous  graphic  record  of  the  water  surface  elevation 
at  the  gauge  site. 

The  Chippawa  gauge  was  located  on  the  face  of  a  dock  on  the 
north  side  of  the  Welland  River  ^Chippawa  Creek),  about  200  feet 
east  of  the  highway  bridge  and  about  400  feet  west  of  the  position 
occupied  by  the  United  States  Lake  Survey's  Chippawa  gauge  of 
former  years.    The  gauge  was  installed  October  11, 1917. 

Photograph  No.  65  shows  this  gauge  in  position. 

The  International  Kailway  intake  gauge  was  located  on  the  face 
of  the  park  wall  on  the  Canadian  side  of  the  Niagara  River  just 
downstream  from  the  intake  of  the  International  Railway  Co.'s 
power  house.  This  is  the  position  formerly  occupied  by  the  United 
States  Lake  Survey's  gauge  of  the  same  name.  The  gauge  was  in- 
stalled October  9,  1917.    It  is  shown  in  photograph  No.  66. 

The  Terrapin  Iroint  gauge  was  located  at  Terrapin  Point,  near  the 
eastern  end  of  the  Horseshoe  Falls,  in  the  identical  position  used  for 
the  United  States  Lake  Survejr's  Terrapin  Point  gauge.  It  was  in- 
stalled October  3. 1917,  and  maintained  till  December  6. 

The  Prospect  Point  gauge  was  at  Prospect  Point,  at  the  American 
end  of  the  American  Falls,  a  few  feet  from  the  brink  of  the  Falls. 
It  was  placed  as  closely  as  possible  in  the  j)osition  of  the  gauge  for- 
merly maintained  at  this  point  by  the  United  States  Lake  Survey. 
The  gauge  was  installed  October  27,  1917,  and  maintained  until 
December  10.  A  picture  of  this  gauge  is  given  in  photograph 
No.  68. 

The  Suspension  Bridge  gauge  was  in  the  Gorge  on  the  American 
shore  about  160  feet  upstream  from  the  Michigan  Central  bridge  in 
the  location  occupied  oy  the  United  States  Lake  Survey  gauge  of 
the  same  name  in  former  years.  This  gauge  was  installed  Septem- 
ber 26, 1917.    It  is  illustrated  in  photograph  No.  67. 

The  Whirlpool  gauge  was  located  on  the  Canadian  side  of  the 
Whirlpool  about  300  feet  southeast  of  the  mouth  of  a  small  creek 
entering  the  south  side  of  the  pool.  This  is  the  position  occupied 
by  the  Lake  Survey's  Whirlpool  gauge.  The  gauge  was  installed 
October  15, 1917. 

The  Lower  Gorge  gauge  was  located  in  the  Gorge  on  the  American 
side  above  Lewiston,  opposite  and  just  upstream  from  Smeatons 
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Ravine.  This  gauge  was  installed  September  29, 1917,  in  the  vicinity 
of  various  proposed  power-house  sites  to  obtain  new  data  on  water 
elevations  and  fluctuations  at  this  point,  including  backwater  effects 
of  Lake  Ontario.  It  is  a  notable  fact  that  this  gau^  was  at  the  foot 
of  an  eddy  along  the  American  shore  and  showed  nigher  elevations 
of  the  water  surface  than  existed  several  hundred  feet  farther 
upstream. 

A  picture  of  this  gauge  is  shown  in  photograph  No.  129. 

The  Lewiston  gauge  was  on  the  downstream  end  of  Pitz  Dock  at 
Lewiston,  N.  Y.,  about  4  feet  east  of  the  northwest  comer  of  the 
dock.  The  Lake  Survey's  Lewiston  gauge  was  formerly  located  at 
the  other  end  of  the  dock,  about  200  feet  upstream.  This  gauge  was 
installed  October  1, 1917. 

The  location  of  all  of  these  gauges  is  indicated  on  the  general 
topographic  map  constituting  plates  If os.  13  and  14  of  this  report. 

The  very  unusual  high  stage  of  December  9, 1917,  the  highest  in  40 
years,  put  several  of  the  gauges  temporarily  out  of  commission.  In 
order  to  gain  as  much  data  as  possible  regarding  this  maximum  stage, 
a  level  party  was  employed  to  determine  the  elevations  of  the  high- 
water  marks  which  were  left  at  some  of  the  gauge  sites.  These  values 
are  given  at  the  foot  of  Table  No.  23.  The  maximum  re^stered  by 
the  "engineer's  gauge "  at  Buffalo  on  this  date  was  579,  JBy  the  ac- 
cepted discharge  formula  a  continuing  elevation  of  579  at  Buffalo 
would  correspond  to  a  flow  of  366,000  cubic  feet  per  second  through 
the  Niagara  River. 

It  may  be  of  interest  to  note  the  weather  conditions  which  pro- 
duced this  unusual  rise.  The  United  States  Weather  Bureau  reports 
that  a  heavy  gale  from  the  northeast  with  heavy  snow  prevailed  on 
the  8th  of  iJecember.  The  barometer  went  down  to  the  very  low  value 
of  29.05.  During  the  night  the  wind  shifted  to  the  west'  an5  increased 
in  violence,  attaining  a  maximum  velocity  of  78  miles  per  hour.  The 
^le  continued  strong  until  nearly  midnight.  The  fall  of  snow 
during  these  two  days  amounted  to  nearly  2  feet.  The  minimum 
temperature  was  6°  above  zero  at  9  a.  m.  on  the  9th.  The  gauges 
showed  an  unusualljr  low  stage  on  the  8th  and  extremely  high  on  the 
^th.  Under  the  existing  weather  conditions  it  was  quite  impossible 
to  obtain  photographs  of  the  high-water  conditions  or  take  any  other 
advantage  of  the  unusual  state  of  affairs. 

The  record  obtained  from  these  gauges  is  fragmentary  and  in- 
v^^omplete  because  of  the  unsatisfactory  condition  of  the  gauge  instru- 
ments and  because  of  various  vicissitudes  which  the  gauges  experi- 
enced, partly  due  to  neglect  necessitated  by  the  pressure  of  other 
^ork.    It  was  ample,  however,  for  the  purpose  of  the  investigation. 

The  gauge  records  were  worked  up  in  the  usual  manner  and  eleva- 
tions scaled  from  them  to  the  nearest  hundredth  of  a  foot  for  every 
hour.  The  daily  means  are  tabulated  in  table  No.  23.  Values  marked 
with  an  asterisk  (*)  are  the  means  of  days  where  four  or  more  hourly 
scalings  are  missing.  The  elevations  given  arc  above  mean  sea  level 
according  to  the  level  adjustment  of  1903.  For  purposes  of  com- 
parison the  scalings  of  the  United  States  Lake  Survey's  Buffalo 
gauge  have  been  included  in  the  table. 

27880—21 ^16 
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Table  No.  23. — Daily  mean  water  surface  elevationa  of  Niagara  River. 
[In  feet  abo-ve  mean  sea  level  according  to  the  level  adjustment  of  1903.] 
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572.98 

573.09 

573.00 

672.88 

672.66 

572.69 

672.86 

573. 16 

572.85 

573.03 

573.11 

572.94 

573.16 

672.72 

672.66 

572.66 

673.01 

672.79 

572.74 

572.63 

572.98 

572.67 

672.86 

573.25 

672.56 

672.52 

672.63 

572.98 

672.43 

672.27 

672.51 

576.06 

674.01 

679.00 

♦341.61 
841.75 
342.44 
342.64 

♦342.70 

Sept.  27 

Sept.  28 

Sept.  29 

*251.06  

Sept.  30 

251.61  ' 

Oct.l 

251.04  ;  ♦247.1$ 

Oct.  2 

341.78 

250.76  ' 

Oct.3 

♦606.76 

606.73 

♦606.73 

250.86 

.250.79 

•251.18 

250.06 

250.95 

250.74 

250.55 

250.31 

250.46 

♦250.64 

Oct.  4 

!  M\.xi 

Oct.  6 

342.39 
341.92 
342.39 
341.78 
341.02 
340.30 

♦247.30 

Oct.  6 

247.23 

Oct.7 

247.30 

Oct.  8 

♦247.24 

Oct.  9 

Oct.  10 

Oct.  11 

*562.53 

563.07 

664.01 

*663.04 

♦562.87 

♦562.'78' 
562.71 
562.70 
562.44 
662.23 
663.01 
662.77 
663.13 
663.19 
562.76 
564.06 
563.46 

•863.11 

♦662.89" 
562.66 
562.71 
562.77 
562.68 
662.71 
662.81 
562.79 

♦662.'66' 
562.48 
662.65 
662.83 
562.67 
662.75 
662.81 
562.68 
562.86 
662.62 
662.65 
562.46 

♦562.70 

♦668.*56 
608.34 
507.93 
608.28 

♦608.29 

♦506.67 
506.92 
506.94 
606.75 
506.76 
606.72 
506.61 
606.67 
606.77 
606.76 
506.72 

♦606.73 

Oct.  12 

♦JUl   7fl 

Oct.l3 

Oct.  14 

♦250.71 
♦250.74 
25a  57 
250.16 
250.37 
250.83 
250.74 
260.67 
250.63 

♦ssaao' 

260.34 
251.05 
250.74 
251.28 
251.34 
25a  86 
252.68 
251.77 
251.34 

Oct.l5 

♦342.13 

♦341.36 

340.33 

341.02 

♦342.25 

342.01 

341.49 

341.49 

♦340.51 

♦339.68 

♦342.44 

841.67 

♦341.51 

♦342.48 

341.75 

♦34138 

♦293.91 

♦293.62 

♦291.12 

♦292.63 

♦294.27 

♦293.50 

283.23 

293.24 

292.13 

391.03 

♦294.36 

♦294.'65* 

♦247.0$ 

Oct.  16 

217.06 

Oct.  17 

317.08 

Oct.  18 

9fl.0i 

Oct.  19 

247.13 

Oct.  20 

247.  U 

Oct.  21 

247.  IK 

Oct.  22 

247.13 

Oct.  23 

247.19 

Oct.  24 

247.30 

Oct.  26 

Oct.2« 

♦mii' 

609.85 
608.69 
610.67 
500.40 
506.96 
606.90 
509.06 
606.64 
606.51 
606.53 
♦506.30 
♦606.46 
506.64 
508.53 
508.70 
506.31 
508.12 
606.37 
606.62 
508.37 
508.52 
608.85 
606.44 
506.66 
♦508.41 

♦506.78 
606.73 
606.83 
606.82 
606.73 
607.12 
606.80 

^606.81 

♦666.*76* 
506.73 
506.74 
506.76 
606.72 
606.75 
606.77 
506.77 
506.76 
506.73 
506.60 
606.73 
506.78 
606.73 
606.75 
506.77 

<«06.72 

♦606.76 
606.72 
606.72 

♦606.72 

♦iii'si" 

512.93 
512.80 
613.09 

*512.«3 
512.84 
612.83 
613.86 
512.72 

<«13.78 
612.76 
612.71 
612.74 
613.77 
613.76 
513.74 
513.70 
513.67 
513.73 
513.77 
612.73 
512.75 
512.77 
612.73 
612.80 
612.73 
612.74 

♦512.66 

247.22 

247.28 

Oct.  27 ;; 

247.29 

Oct.  28 

247.27 

Oct.  29 

247.33 

Oct.30 

247.41 

Oct.  31 

247.41 

Nov.  1 

247.40 

Nov.2 '  ■  ' 

4Q43.30 
343.36 
841.38 
341.66 
341.98 
341.35 
841.73 
343.16 
343.00 
841.73 
841.33 
340.80 
341.57 
343.31 
341.61 

♦842.06 

247.34 

Nov.  3 

••••"•-- 

♦251.06 

360.74 

♦96a  92 

247.30 

Nov.  4 ; 

247. 3« 

Nov.  6 

347.37 

Nov,  6 "*;* 

450.97      247.33 

Nov.  7 

260.79  ;    317.33 

Nov.8 " 

350.80      3<7.28 

Nov.  9 

360.91 
3Ba90 
36a  86 

347.25 

Nov.  10 '.'.'.'.'.'.' 

247.27 

Nov.  11 

347.83 

Nov.  12 .*'.  * 

250.74  I 

Nov.  13 ; 

250.53  

Nov.  14 ' 

360.73 
350.96 
390.81 

Nov.  16 ■ 

♦247.36 

Nov.  16 ' 

347.34 

Nov.  17 

260.77  ,'    217.19 

Nov.  18 

350.96 
.360.72 
350.93 
360.68 
360.88 
360.60 
361.01 
360.82 
260.73 
350.60 

3san 

360.62 
360.70 
351.07 
35a  71 
360.48 
350.68 
360.79 
360.44 
350.28 
350.25 
368.61 
•283.50  ■ 
366.30  . 

3^.23 

Nov.  19 

2(7.30 

Nov.  20 '."'" 

♦342.10 
341.43 
341.68 

♦339.96 

^.02 
298.27 

♦291.86 

347.22 

Nov.  21 

347.26 

Nov.  22 

347.39 

Nov.23 

347.27 

Nov.  24 

347.28 

Nov.  25 

347.33 

Nov.  26 ',['.".', 

247.23 

Nov.  27 

♦292.84 
298.76 
292.68 
203.21 

♦294.66 
292.94 

♦292.63 
293.06 

♦294.20 

♦292.14 
291.80 
291.41 

♦206.65 

347.22 

Nov.  28 '. 

♦662.76 

662.62 

♦662.61 

♦506.76 

506.70 

606.74 

606.80 

♦606.73 

♦606.70 

247.17 

Nov.  29 

347.19 

Nov.30 '[", 

247.18 

Dec.l 

347.17 

Deo.  2 '..[ 

♦512.72 
512.69 
512.73 
512.78 
612.69 
512.66 
512.64 

347.19 

Dec.  3 

♦562.50 

247.17 

Deo.  4 

347.13 

Dec.6 

347.11 

Dec.  6 

606.65 

347.14 

Dec.  7 

247.06 

Dec.  8 

347.24 

Dec.  9 

••••••••i 

613.30 
♦613.21 

♦347.38 

Deo.  10 

High-water  °^^^  Dec.  9, 1917. 

666.40 

613.60 

353.20 

306.70 

1 
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The  various  gauges  on  the  Niagara  Biver  serve  as  measuring  de- 
vices for  measuring  the  flow  of  the  river  or  of  one  channel  of  the 
river  at  any  particular  point.  If  artificial  or  natural  changes  in  the 
regimen  of  me  river  did  not  occur,  the  relation  between  different 
gauges  would  be  constant.  Any  change  in  these  relations  indicates  a 
change  in  regimen,  the  most  important  being  due  to  increased  diver- 
sion by  the  power  companies  or  to  recession  of  the  Falls.  An  impub> 
lished  report  of  the  United  States  Lake  Survey,  dated  1912,  gives  an 
analvsis  of  the  effect  of  diversions  upon  the  various  gauges  above 
the  falls  as  shown  by  the  changes  in  their  relations  to  the  Susi)ension 
Bridge  gauge.  The  observations  of  1917  were  used  in  combination 
with  earlier  Lake  Survey  records  in  computations  and  studies  the 
results  of  which  are  as  follows : 

Buffalo  gauge. — The  computed  lowering  due  to  increased  diversion 
since  1912  was  0.03  foot.  The  observed  lowering  was  0.02,  an  excel- 
lent check. 

CMppawa  gauge, — ^Computed  lowering  since  1912,  0.15  foot,  ob- 
served lowering  0.18,  an  excellent  check. 

International  RaUway  intake  gauge. — ^Computed  lowering  since 
1912,  0.64,  observed  lowering  1.03.  This  leaves  an  unexplained 
lowering  of  0.39.  Similar  excess  of  lowering  has  been  observed  in 
the  past,  and  verv  reasonably  has  been  referred  to  as  the  effect  of  the 
recession  of  the  Horseshoe  Falls. 

Prospect  Point  gauge. — ^If  it  be  assumed  that  the  division  of  water 
between  the  two  sides  of  Goat  Island  has  remained  constant  the  com- 
puted lowering  due  to  increased  diversion  since  1906  is  0.07  foot.  It 
is  probable  that  the  increased  diversions  of  the  American  companies 
have  decreased  the  percentage  of  flow  through  the  American  channel. 
In  this  case  the  lowering  would  be  greater  than  0.07  foot.  The  ob- 
served lowering  was  0.12  foot. 

Terrapin  Point  gauge. — ^The  gauge  relations  of  this  gauge  have 
never  been  satisfactory.  Observations  in  1906  and  1912  gave  widely 
different  relations.  By  the  1906  relation  the  computed  lowering  is 
0.29,  while  only  0.22  was  observed.  If  the  1912  equations  are  used 
the  computed  lowering  is  0.05,  and  the  1917  observations  indicate  a 
rise  of  0.02.  In  either  case  there  is  a  discrepancy  of  0.07  foot.  This 
^auge  is  located  in  a  shallow  stream  of  water  at  the  Goat  Island  end 
of  the  Horseshoe  Falls,  and  does  not  appear  to  reflect  accurately  the 
conditions  of  the  river  as  a  whole.  The  use  of  the  gauge  in  studies 
of  the  regimen  of  the  Niagara  River  is  to  be  avoided  when  possible. 

The  Suspension  Bridge  and  Whirlpool  gauges  each  record  the 
flow  of  the  whole  river  through  channels  in  which  no  artificial 
changes  have  been  made  for  many  years.  They  were  maintained  in 
1906, 1907,  1908,  1909, 1910,  and  1917.  The  five  later  years  agree  in 
showing  a  relation  by  which  a  change  of  1  foot  in  the  Suspension 
Bridge  gauge  is  accompanied  by^  a  similar  change  of  1.17  feet  at  the 
Whirlpool.  The  absolute  elevations  at  the  Whirlpool  corresponding 
to  given  stages  at  Suspension  Bridge  vary  by  small  amounts,  always 
less  than  0.^  foot,  from  year  to  year.  These  variations  follow  no 
systematic  course,  and  probably  represent  small  local  changes  at  the 
gauge  sites.  The  records  for  1906  were  few,  covering  only  a  small 
range,  and  they  appear  to  be  somewhat  discordant.  The  relation  for 
1917  coincides  almost  exactly  with  that  for  1907,  and  very  closely 
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with  that  for  1908.    The  1909  and  1910  relations  show  elevations  at 
the  Whirlpool  lower  by  more  than  one-tenth  of  a  foot. 

The  Lower  Gorge  gauge. — ^Occupied  an  entirely  new  site.  In  re- 
lating it  to  the  other  gauges  it  was  necessary  to  taKe  into  account  the 
fact  that  water  surface  elevations  at  the  site  are  dependent  on  the 
elevation  of  Lake  Ontario  to  some  extent,  as  well  as  upon  the  eleva- 
tion of  Lake  Erie.  For  this  reason  it  was  necessary  to  derive  an 
equation  with  three  variables.  The  gauges  used  were  Whirlpool, 
Lower  Gorge,  and  Lewiston.  There  were  17  days  on  which  each 
of  these  three  gauges  simultaneously  gave  a  good,  reliable  record, 
witTi  no  missing  hourly  scalings.  The  derivation  of  the  relation 
from  these  values  involved  considerable  anal3rtical  difficulties,  due 
to  the  small  number  of  observations  and  the  small  range  of  stage 
that  occurred  at  the  Lewiston  gauge.  The  relation  finally  adopted 
was — 

Lower  Gorge=247+0.000043  (Whirlpool— 249.56) »+0.77 

(Lewiston— 247). 

At  mean  stage  Whirlpool  is  at  elevation  292.51  and  Lewiston  is 
246.73.  By  the  relation  given  above  Lower  Gorge  is  250.20.  At 
standard  low  water  Whirlpool  is  286.24  and  Lewiston  is  243.38. 
This  gives  246.34  for  the  standard  low-water  value  at  Lower  Gorge. 

This  relation  is  believed  to  be  the  best  obtainable  from  the  data 
available.  It  could  doubtless  be  improved  by  maintaining  these 
three  gauges  carefully  for  a  full  season  or  longer. 

Pr<y^le  of  lower  river, — ^In  1912  the  United  States  Lake  Survey 
compiled  standard  profiles  of  the  St.  Marys,  St.  Clair,  Detroit, 
Niagara,  and  St.  Lawrence  Rivers.  The  upper  part  of  the  Niagara 
pronle  was  well  determined  by  numerous  gauges,  but  in  the  lower 
river,  and  especially  in  the  rapids  of  the  lower  river,  the  data  used 
was  scanty  and  rather  poor.  In  the  studies  of  power-house  loca- 
tions along  the  rapids  below  Devils  Hole  it  was  very  desirable  to 
have  more  accurate  data  on  water-surface  elevations  of  this  part  of 
the  river.  It  was  intended  to  make  observations  at  high,  low,  and 
medium  stages,  but  very  low  water  occurred  at  times  when  no  men 
were  available  for  this  work,  and  the  low-water  profile  observed 
differs  but  slightly  from  the  one  made  at  mean  stage. 

^or  the  purpose  of  obtaining  these  profiles  a  large  number  of 
gauge  points  were  established  along  the  river  from  the  Suspension 
Bridge  gauge  to  Lewiston,  and  the  elevation  of  these  points  were 
carefully  determined. 

On  December  6  and  7,  1917,  the  vertical  distance  from  the  gauge 
point  to  the  water  surface  was  read  at  40  of  these  points.  During 
the  reading  the  mean  water-surface  elevation  was  292.07  at  the 
Whirlpool  gauge,  250.38  at  the  Lower  Gorge  gauge,  and  247.10  at 
the  Lewiston  gauge.  The  fluctuations  that  occurred  during  the 
readings  were,  respectively,  1.14,  0.56,  and  0.15  feet.  These  readings 
and  the  automatic  gauge  records  gave  the  data  for  the  mean  stage 
profile. 

On  December  8  another  set  was  read,  but  owing  to  bad  weather 
and  limited  time,  and  the  fact  that  the  water  was  too  low  for  meas- 
urement at  some  points,  only  14  readings  were  made.  The  mean 
gauge  readings  at  the  Whirlpool,  liower  Gorge,  and  Lewiston  gauges 
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were  291.11,  250.33,  and  247.26,  respectively,  while  the  fluctuations 
were  0.47,  0.31,  and  0.22.  These  readings  and  records  furnished  the 
<lata  for  the  low-water  profile.  As  noted  above,  much  lower  values 
would  have  been  desirable. 

On  December  9  the  highest  stage  of  the  season  occurred,  but 
weather  conditions  were  such  that  gauge  readings  could  not  be  ob- 
tained. On  the  following  day  the  stage  was  still  high,  and,  despite 
the  difficult  conditions,  readings  on  five  of  the  most  important 
l>oints  were  obtained  Many  or  the  gauge  points  were  found  to  be 
submerged  and  no  readings  could  be  made  on  them.  The  elevations 
of  the  three  automatic  gauges  were,  respectively,  298.23,  254.48,  and 
247.75,  while  the  fluctuations  of  these  gauges  during  the  period  of 
the  readings  were  0.90,  1.17,  and  0.24.  Both  the  uhirlpool  and 
Lewiston  gauges  had  been  stopped  by  the  high  stage  of  the  preced- 
ing day,  and  elevations  at  these  two  points  were  supplied  by  gauge 
relations  from  the  record  of  the  Hydraulic  Power  Co.'*s  gauges  at 
station  2  and  Lewiston,  respectively. 

It  was  next  necessary  to  reduce  all  observations  on  each  profile  to 
values  corresponding  to  the  mean  stage  prevailing  during  the 
measurement  of  the  profile.  In  doing  this  all  available  evidence  was 
taken  into  account.  The  observed  ratios  of  fluctuations  were  given 
the  most  weight,  but  the  general  laws  of  hydraulics  and  the  nature 
of  the  river  channel  were  also  considered.  The  three  profiles  were 
then  carefully  plotted,  as  shown  on  plate  No.  15. 

The  values  were  then  reduced  to  the  official  mean  stage  and 
.standard  low  water  of  the  Whirlpool  and  Lewiston  gauges,  as  shown 
on  the  Lake  Survey  profile  of  1912.  The  Lake  Survey  profile  was 
then  replotted  on  a  different  scale,  the  new  profile  between  the 
Su^ension  Bridge  gauge  and  Lewiston  being  incorporated.  This 
profile  is  shown  on  plate  No.  11.  It  was  used  as  the  basis  of  all  com- 
putations of  slopes,  fall,  etc.,  in  the  present  investigation.  The 
official  mean  stage  profile  differs  but  very  little  from  the  observed 
mean  stage  prome  of  plate  No.  15,  and  may  be  considered  well  de- 
termined. In  places  along  the  American  shore  there  are  eddies  and 
current  retardations  producing  what  appears  on  the  profile  as  nega- 
tive slopes.  The  standard  low  water  profile  is  not  well  determined, 
but  is  of  value  in  indicating  about  what  slopes  may  be  expected  at 
extreme  low  stage. 

Levels. — ^A  considerable  amount  of  leveling  was  accomplished  dur- 
ing the  investigation.  A  good  wye  level  was  used,  and  careful,  ac- 
curate work  was  performed.  All  lines  were  run  in  duplicate,  and 
good  closures  were  obtained  on  all  accepted  lines.  The  most  im- 
portant new  line  was  that  through  the  gorge  on  the  American  side. 
This  line  ran  from  the  precise  level  bench  mark  on  the  old  academy 
at  Lewiston  to  the  Pitz  jDock,  and  then  up  the  electric  railway  tracra 
in  the  gorge  to  the  Lake  Survey  bench  mark  near  the  Suspension 
Bridge  gauge.  This  line  connected  with  the  old  Lake  Survey  bench 
marl^  at  the  Whirlpool  and  on  the  abutment  of  the  Grand  Trunk 
bridge.  A  number  of  new  bench  marks  were  established  along  this 
line.  Another  line  was  run  from  B.  M.  Toll  at  the  Canadian  end 
of  the  upper  steel  bridge  to  Boundary  Monument  No.  20,  near  the 
International  Bailway  mtake  gauge.  In  addition  levels  were  run 
to  each  automatic  gauge  at  least  twice  during  the  season,  and  several 
minor  lines  were  run. 
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The  descriptions  and  elevations  of  the  new  bench  marks  are  given 
in  Table  No.  24.  Table  No.  25  gives  descriptions  and  elevations  of 
older  bench  marks  in  this  vicinity. 

Tabu:  No.  24* — New  bench  marks  cstablUhed  in  1917  in  vicinity  of 

Niagara  Falls. 

[NOTB. — Eleyatlons  are  given  In  feet  aboye  mean  tide  at  Sandy  Hook  and  according  to 

the  precise  level  adjustment  of  1908.] 

B,  M.  Boundary  Monument  19  is  the  top  of  the  brass  plug  In  the  International 
Boundary  Monument  No.  19  near  Prospect  Point.    Elevation,  521.753. 

B.  M.  Boundary  Monument  20  is  the  top  of  the  brass  plug  in  the  International 
Boundary  Monument  No.  20  on  the  Canadian  shore  between  the  river  and  the 
highway  about  100  feet  south  of  the  end  of  the  Horseshoe  Falls.  Elevation, 
518.352. 

B,  M,  Rail  Is  in  the  Gorge  on  the  American  side.  It  is  a  square  cut  in  the 
west  edge  of  the  top  of  a  flat  rock,  2  feet  north  and  10  feet  east  of  north 
switch  point  of  Gorge  Railway  tracks,  105  paces  south  of  southeast  abutment 
of  the  Michigan  Central  Railroad  bridge.     Elevation,  379.784. 

B.  M.  Stonewall  is  in  the  Gorge  on  the  American  side.  It  is  a  square  cut 
in  coping  stone  of  dry  masonry  retaining  wall  about  182  paces  north  of  Grand 
Trunk  Railway  bridge.  Bench  mark  is  9  paces  south  of  north  end  of  waU. 
Elevation,  348.416. 

B,  M.  Rapids  is  in  the  Gorge  on  the  American  side.  It  is  a  square  cut  in 
the  southwest  corner  of  the  concrete  walk  at  the  Rapids  station  of  the  Crorge 
Railway.    Elevation,  334.609. 

B,  M,  Door  is  in  the  Gorge  on  the  American  side  above  the  Whirlpool  on  the 
east  side  of  the  Gorge  Railway  tracks  directly  in  front  of  north  side  of  the  iron 
door  of  an  old  powder  house.  The  bench  mark  is  the  top  of  a  round  knob 
chiseled  on  shelf  of  rock  2  f^t  above  ground  and  2.6  feet  from  the  door  Jamb. 
Elevation,  320.460. 

B.  M.  Spring  is  in  the  €rorge  on  the  American  side  Just  below  the  Whirlpool 
between  the  track  and  the  river  at  south  edge  of  first  group  of  large  rocks 
projecting  Into  river.  It  is  the  top  of  a  knob  surrounded  by  a  circular  chisel 
cut  on  stone  in  top  course  of  a  dry  masonry  wall.  Point  is  on  north  end  of 
wall  opposite  an  Iron  drain  pipe.    Elevation,  306.269. 

B.  M..  Bye  is  in  the  Gorge  on  the  American  side  opposite  the  head  of  Niagara 
Glen.  Bench  mark  is  top  of  an  iron  eyebolt  set  in  the  north  side  of  a  rock  pro- 
jecting from  the  bank  5  feet  outside  of  outer  rail  of  track,  25  feet  north  of 
trolley  pole  No.  153,  and  14  feet  north  of  north  end  of  dry  masonry  wall.  Eleva* 
tion,  301.995. 

B.  M,  Red  is  in  the  Gorge  on  the  American  side  opposite  the  center  of  Niagara 
Glen  between  trolley  poles  Nos.  169  and  170.  It  is  the  center  of  a  square 
chiseled  on  the  highest  point  of  a  red  boulder  on  the  side  of  the  bank  outeide 
of  the  tracks,  5^  feet  from  outer  face  of  dry  retaining  wall  and  about  8  feet 
below  top  of  wall.    Elevation,  287.257. 

B.  M.  Rock  is  in  the  Gorge  on  the  American  side  opposite  the  foot  of  Niagara 
Glen.  It  is  the  center  of  a  square  chisel  cut  on  a  point  of  rock  projecting  from 
the  bank  inside  of  the  tracks.  It  is  4.4  feet  east  of  inner  rail  of  tracks  and  20 
feet  north  of  trolley  pole  No.  190.    Elevation,  286.348. 

B,  M.  Devils  Hole  is  in  the  Gorge  on  the  American  side  abreast  of  the  Devils 
Hole  tablet  It  is  center  of  a  square  chisel  cut  on  flat  rock  8.2  feet  west  of 
outer  rail  and  8.2  feet  north  of  northwest  comer  of  abutment  of  small  bridge. 
Elevation,  277.775. 

B,  M.  Wall  is  in  the  Gorge  on  the  American  side  about  two-thirds  of  the 
way  from  the  Devils  Hole  to  the  transmission  line  crossing  near  trolley  pole 
No.  225.  It  is  a  square  chisel  cut  on  top  of  the  bottom  stone  In  the  center  of  a 
masonry  wall  on  east  side  of  tracks  20  feet  from  south  end  of  wall  and  4.5  feet 
south  of  a  drill  hole  8  feet  above  ground  in  one  of  the  bottom  stones  of  the 
wall.    Elevation,  269.752. 

B.  M.  Transmission  is  in  the  Gtorge  on  the  American  side  imder  the  transmis- 
sion line  crossing  of  the  Niagara,  Lockport  &  Ontario  Power  Co.  It  is  the 
center  of  a  square  chisel  cut  on  top  of  boulder  outside  of  Gorge  tracks  and  op- 
posite most  northerly  transmission  tower.  It  is  4.3  feet  northwest  of  trolley 
pole  No.  237.    Elevation,  268.792. 
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J3,  M.  Stone  is  in  the  Gorge  on  the  American  side  north  of  the  transmission 
line  crossing.  It  is  the  highest  point  on  a  brown  stone  2  feet  west  of  the  guard 
rail  and  12  paces  south  of  trolley  pole  No.  25a    Bleyation,  260878. 

B.  M.  Lower  Gorge  Gauge  is  in  the  Gorge  on  the  American  side  54  paces  south 
of  B.  M.  South.  It  is  a  square  cut  on  a  large  boulder  5  feet  from  and  2  feet 
above  the  water's  edge  at  mean  stage.  It  was  opposite  the  Lower  Gorge  gauge. 
BleTatlon,  253.841. 

S.  M.  South  is  in  the  Gorge  on  the  American  side  opposite  Smeatons  Ravina 
It  is  the  highest  point  of  a  stone  projecting  from  the  south  end  of  a  masonry 
wall  on  east  side  of  Gorge  tracks.  The  stone  is  the  second  large  stone  from  the 
bottom  of  the  wall  opposite  trolley  pole  No.  264  and  54  paces  north  of  the 
Lower  Gorge  gauge.    Blevatiim.  270.857. 

S.  M.  Fishery  Is  in  the  Crorge  on  the  American  side  some  distance  south  of 
Fish  Creek.  It  is  the  highest  point  of  the  reddest  stone  In  the  northwest  comer 
of  a  dry  masonry  wall  topped  with  concrete  on  the  south  side  of  the  stairs 
leading  down  to  a  fish  dock  between  trolley  poles  Nos.  276  and  277.  Elevation, 
2T0.882. 

B.  M.  Fish  Creek  is  in  the  Gorge  on  the  American  side  on  the  Gorge  Railway 
bridge  over  Fish  Creek.  It  is  a  square  cut  on  the  northwest  stone  of  the  north 
abutment  of  the  bridge,  6  paces  south  of  trolley  pole  No.  295.  Elevation, 
284.754. 

B.  M.  Boulder  is  in  the  Gorge  on  the  American  side  north  of  the  Lewiston 
suspension  bridge  and  near  north  end  of  bridge  of  the  Gorge  Railway  over  a 
deep,  gulley.  It  is  a  square  cut  on  west  edge  of  a  bowlder  6  feet  north  of  north 
end  of  bridge  and  2  feet  east  of  guard  rail,  opposite  trolley  pole  No.  321.  Eleva- 
tion, 306.825. 

B.  M.  Lewiston  Gauge  is  in  Lewiston,  N.  T.  It  is  a  square  cut  on  a  Urge 
stone  projecting  a  few  inches  out  of  the  ground  and  about  50  feet  northeast  of 
the  northeast  comer  of  Pitz's  dock.    Elevation,  258.175. 

B.  M.  Pitz  is  in  Lewiston,  N.  Y.  It  is  the  top  of  a  three-fourth-inch  gas  pipe 
projecting  2^  inches  out  of  the  concrete  walk  at  the  southeast  comer  of  the 
veranda  of  the  "Anglers  Retreat "  hotel.    Elevation,  292.627. 

B,  M.  Monument  is  in  Lewiston,  N.  Y.  It  is  the  northwest  comer  of  the 
top  of  a  concrete  monument  about  6  inches  square  and  8  inches  high  at  the 
northeast  comer  of  Center  and  Third  Streeta    Elevation,  254.878. 

Table  No.  25. — Bench  marks  along  the  Niagara  River  established  previous  to 
1911  lay  the  United  States  Lake  Survey,  the  Board  of  Engineers  for  Deep 
Waterways,  and  others. 

[Non. — ^Elevatioiur  are  given  In  feet  above  mean  tide  at  Sandy  Hook  according  to  the 

Erecise  level  adjustments  of  1903.     Bench  marks  marked  with  an  asterisk   (*)   have 
ad   their   elevations  determined  bj   precise  levels,   others  by   ordinary   wye  levels.] 

*P.  B,  M.  Buffalo  Lighthouse  is  in  Buffalo,  N.  Y.,  on  plinth  of  the  old  Buffalo 
Light  (now  abandoned)  south  of  the  United  States  pier  and  in  line  with  Erie 
Street,  being  the  top  of  a  high  point  on  the  east  comer  and  upper  surface  of 
plinth.    Elevator,  580^01. 

♦P.  B.  M.  Waterworks  is  in  Buffalo,  N.  T.,  on  stone  window  sill  of  center 
window  on  the  river  side  of  the  main  building  of  the  old  pumping  station  of 
the  Buffalo  waterworks  near  the  foot  of  Massachusetts  Avenue,  being  the  center 
of  a  brass  bolt  leaded  horizontally  into  stone  6  inches  from  north  end  of  sill  and 
35  inchs  above  the  watertable  at  the  ground,  marked  thus : 

U.  S. 

O 
P.  B.  M. 

Elevation,  582.804. 

♦P.  B.  M.  Intemationai  Bridge  No,  2  is  in  Buffalo,  N.  T.,  on  a  projection  of 
9tone  in  fourth  course  of  masonry  below  bridge  seat  on  north  end  of  east  abut- 
ment of  International  Bridge  over  main  channel  of  Niagara  River,  being  a 
square  cut  on  stone  5.70  feet  below  bridge  seat  and  8.77  feet  back  of  the  north- 
west comer  of  abutment,  the  stone  above  being  marked  In  white  paint  thus: 

U.  S.  B.  M. 
88 

Elevation,  582.258. 

♦P.  M.  B.  Guard  Lock  is  in  Buffalo,  N.  Y.,  in  the  center  of  coping  stone  on 
towpath  side  of  guard  lock  of  old  Erie  Canal,  650  yards  below  the  Interna- 
tional Bridge  over  the  Black  Rock  Ship  Canal  at  Black  Rock,  being  the  highest 
point  in  a  small  square  out  In  the  southeast  corner  of  a  larger  square  which 
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is  opposite  the  hinge  of  the  upper  gate  and  23  feet  below  upper  end  of  lock, 
markcHi  tlius:        Elevation,  576.454. 

[Note. — The  elevation  given  on  page  2719  of  the  Chief  of  Engineers'  Report 
for  1903  is  576.650,  which  is  incorrect] 

P.  B.  M.  Sill  is  on  the  stone  sill  of  the  basement  window  on  the  west  side  of 
the  office  of  the  Buffalo  Smelting  Works,  at  the  foot  of  Austin  Street  Black 
Rock,  Buffalo,  N.  Y.,  being  a  smoothed  square  sunk  slightly  below  the  level  of 
the  sill.    Elevation.  574.762. 

•P.  B.  M.  Tonawanda  No.  J  is  in  Tonawanda,  N.  Y.,  on  stone  water  table  on 
west  side  of  steeple  of  Christian  Chapel  Church,  a  red  brick  building  on  soutli- 
east  corner  of  Broad  and  Seymore  Streets,  being  the  intersection  of  two  croBS 
marks  cut  in  center  of  large  square  on  top  of  stone.    Elevation,  576.214. 

•P.  B,  M.  North  Tonawanda  No.  2  is  in  North  Tonawanda,  N.  Y,,  on  stone 
water  table  61  feet  south  of  entrance  to  the  old  engine  house  ( marked  "  1873  " ) 
of  the  Tonawanda  Iron  &  Steel  Co.,  situated  on  the  right  bank  of  the  Niagara 
River  and  on  the  west  side  of  Main  Street,  being  the  top  of  a  small  square  in 
the  northeast  comer  of  a  large  square  cut  in  comer  of  stone.  Elevation, 
578  822 

•P.  B.  M.  Whcatfield  is  in  Wheatfield  Township,  N.  Y.,  on  the  south  end  of 
stone  water  table  on  east  front  of  brick  schoolhouse,  which  Is  in  district  No.  2, 
and  stands  on  the  right  bank  of  the  Niagara  River  and  on  the  main  road  560 
yards  below  the  Edge  water  Bridge  of  the  International  Railway,  being  a  square 
cut  on  stone.    Elevation,  576.541. 

•P.  B.  M.  Ija  Salle  No.  I  is  in  La  Salle,  N.  Y.,  just  south  of  tlie  La  Salle  sta- 
tion, on  the  northwest  corner  of  bridge  seat  of  east  abutment  of  the  New  York 
Central  Railroad  bridge  over  Cayuga  Creek,  being  the  top  of  a  square  cut  on 
stone.    Elevation,  571.611. 

•P.  B,  M,  La  Salle  No.  2  is  in  I^a  Salle,  N.  Y.,  on  the  top  of  the  water  table 
at  the  southeast  corner  of  brick  residence  belonging  to  Mr.  E.  H.  Smitti,  about 
one-fourth  mile  west  of  New  York  Central  Railroad  station,  on  main  road 
along  the  river  front,  being  the  top  of  a  brass  bolt  leaded  vertically  into  the 
water  table    Elevation,  580.290. 

♦P.  B.  M,  Echota  is  in  Niagara  Falls,  N.  Y.,  on  the  west  end  of  stone  doorsill 
of  west  door  on  south  side  of  the  New  York  Central  Railroad  station,  called 
"  Echota,"  being  the  top  of  a  small  square  in  the  southeast  corner  of  a  larger 
square  cut  on  the  stone.    Elevation,  572.922. 

♦P.  B.  M.  Niagara  No,  i  is  In  Niagara  Falls,  N.  Y.,  on  a  stone  5i  inches 
square,  with  a  small  square  cut  on  northwest  corner,  used  as  reference  stone 
for  tlie  center  line  of  the  tunnel  of  the  Niagara  Falls  Power  Plant,  and  is  set 
in  concrete  in  the  gutter  about  10  U^et  northwest  of  entrance  to  power  house 
No.  1  of  the  Niagara  Falls  Power  Co.,  10  feet  north  of  north  door  jamb  and  S 
feet  out  from  building,  being  the  top  of  a  copper  bolt  leaded  in  the  center  of 
the  stone.    Elevation,  566.547. 

*  P.  B.  M.  Niagara  No.  2  is  in  Niagara  Falls,  N.  Y.,  on  window  sill  of  first 
window  west  of  northeast  comer  of  Niagara  Falls  Power  Co.'s  power  house 
No.  1,  being  the  top  of  a  brass  bolt  leaded  vertically  in  east  end  of  stoqe,  5} 
feet  from  front  of  building,  5  inches  back  from  front  edge  of  window  sill,  7 
inches  west  of  east  side  of  window  and  on  side  of  building  facing  Buffalo 
Avenue.    Elevation,  571.827. 

P.  B.  M.  Copper  Bolt  Is  in  Niagara  Falls,  N.  Y.,  on  the  retaining  wall  on  the 
southerly  side  of  the  canal  of  the  Niagara  Falls  Power  Co.,  87  feet  west  of 
power  house  No.  2,  being  the  top  of  a  copper  bolt  leaded  into  the  top  of  the 
coping  stone.    Elevation,  567.216. 

T.  B.  M.  Paper  Is  in  Niagara  Falls,  N.  Y.,  on  the  wall  on  the  northerly  side 
of  the  intake  canal  of  the  Niagara  Falls  Power  Co.  at  the  west  end,  being 
the  top  of  the  west  anchor  bolt  holding  a  large  iron  chock  Just  west  of  the 
automatic  gauge  of  the  power  company.     Elevation,  567,288. 

P.  B.  M.  Port  Day  is  in  Niagara  Falls,  N.  Y.,  on  the  west  side  of  the  canal 
of  tli(»  Hudraulic  Power  Co.  at  its  head,  25  feet  from  the  Niagara  River,  50 
feet  from  the  canal,  18  feet  from  an  iron  electric  light  pole,  6  feet  from  a  double 
boxwood  tree,  being  the  top  of  a  conical  iron  bolt  leaded  into  the  top  of  a  cut 
stone  6  inches  square  projecting  4  inches  above  the  surface  of  the  ground. 
Elevation,  667.165. 

P.  B.  M.  Park  is  in  Niagara  Falls,  N.  Y.,  on  the  northeast  comer  of  the 
administration  building,  New  York  State  reservation,  directly  under  nortli 
vrlndow  on  the  east  side  of  the  building,  10.8  feet  from  the  northeast  comer. 
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being  the  top  of  a  brass  bolt  leaded  vertically  into  the  water  table,  marked 
thus 

U.  S. 

O 
B.  M. 

Elevation,  556.406. 

B.  M,  Triangle  Terrapin  Is  in  Niagara  Falls,  N.  Y.,  at  the  Goat  Island 
end  of  the  Horseshoe  Falls,  being  the  top  of  a  brass  bolt  leaded  vertically  into 
tlie  large  bowlder  known  us  **  Terrapin  Rock."  The  word  "  Terrapin  "  is  cut 
in  rade  letters  around  the  bolt    Elevation,  511.119. 

B.  M,  TerrapUi  Gauge  is  in  Niagara  Falls,  N.  Y.,  at  the  Goat  Island  end 
«>f  the  Hoi*seshoe  Falls,  being  the  top  of  a  rounded  knob  on  a  small  projecting 
ledge  on  the  south  side  of  "  Terrapin  Rook."    Elevation,  509.665. 

P.  B,  M.  Arch  is  in  Niagara  Falls,  N.  Y.,  on  the  retaining  wall  at  the  easr 
abutment  of  the  upper  steel  arch  bridge,  being  the  top  of  a  brass  bolt  leaded 
vertically  into  the  stone,  20.4  feet  southwest  of  the  southwest  edge  of  bridge 
plate,  1.55  feet  from  outer  edge  of  wall,  and  29.1  feet  from  southwest  end  of 
wall,  marked 

U.  S. 

O 

B.  M. 

Elevation,  361.172. 

P.  B.  M.  Toll  l.s  in  Niagara  Falls,  Ontario,  being  a  point  on  stone  in  the 
fourth  course  below  middle  window  on  the  west  side  of  the  Canadian  customs 
and  ton  station  at  the  west  end  of  the  upper  steel  arch  bridge.  Elevation, 
525.918. 

P.  B.  M.  Chippawa  is  in  Chlppawa,  Ontario,  being  a  square  cut  on  top  of 
stone  water  table  at  southwest  comer  of  Baltimore  Hotel,  on  the  corner  of 
Front  and  Bridgewater  Streets.    Elevation,  571.670. 

P.  B.  M.  Black  Creek  is  in  Black  Creek,  Ontario,  being  a  square  cut  on  the 
southwest  comer  of  upper  plate  under  the  northwest  comer  of  the  highway 
bridge  over  Black  Creek.    Elevation,  570.554. 

P.  B.  M.  Bridge  No.  1  is  in  Niagara  Falls,  N.  Y.,  being  the  top  of  a  braa? 
bolt  leaded  vertically  into  the  top  of  a  large  bowlder  at  south  end  of  retaining 
wall  at  abutment  of  Michigan  Central  Railroad  bridge  over  Niagara  River. 
The  bolt  is  15  feet  from  abutment  and  113  feet  from  inclined  railway  building, 
marked  thus: 

P.  B.  M. 

O 

u.  s. 

Elevation,  863.580. 

P.  B.  Jf.  Bridge  No.  2  Is  at  Niagara  Falls,  N.  Y.,  6  feet  from  the  water's  edge* 
362  feet  south  of  the  south  side  of  the  abutment  of  Michigan  Central  Railroad 
bridge  In  the  gorge,  being  the  top  of  a  brass  bolt  leaded  vertically  Into  a  hirge 
flat  rock  marked 

U.  S. 

O 

P.  B.  M. 

Elevation,  345.284. 

♦P.  B.  M.  SuspenHon  Bridge  is  In  Niagara  Falls,  N.  Y.,  in  the  northwest  cor- 
ner of  the  Suspension  Bridge  passenger  station  of  the  New  York  Central  Rail- 
road, being  the  center  of  a  brass  bolt  leaded  horizontally  into  center  of  seventh 
stone  above  the  water  table,  43  inches  above  the  platform  and  6  inches  south  of 
the  northwest  comer  of  the  building.    Elevation,  584.377. 

P.  B.  M.  Whirl  is  on  the  American  side  of  the  Niagara  Gorge  at  the  whirlpool 
on  the  ledge  of  flat  rock  extending  into  the  river  at  the  point,  only  a  few 
iDches  above  mean  stage  of  the  river  (often  submerged),  20  feet  from  the  west 
edge  of  the  ledge,  35  feet  from  the  north  edge  and  35  feet  from  the  corner^ 
being  the  top  of  a  brass  bolt  leaded  vertically  into  the  rock  and  marked 

B.  M. 

O 

WHIRL 
Elevation,  294.426. 

P.  B.  M.  Whirlpool  is  on  the  Canndian  side  of  the  Niagara  Gorge  at  the 
whirlnool,  750  feet  from  point  at  entrance  to  whirlpool.  27f>  feet  south  of  fk 
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small  creek,  being  the  top  of  an  Iron  bolt  leaded  vertically  Into  the  lop  of  rock 
led^e  1.9  feet  from  Its  water  edge,  marked 

U.  S. 

o 

p.  B.  M. 

When  established  In  1906  the  above  description  was  written  and  the  eleva- 
tion wns  reported  as  297.040.  In  1909  It  was  found  that  the  part  of  the  rock 
on  which  the  bench  Is  situated  had  been  broken  from  the  ledge  forming  a  large 
Irregular  fragment  and  that  the  elevation  had  been  somewhat  changed.  In 
1917  leveling  from  P.  B.  M.  Pool  determined  the  elevation  to  be  296.977. 

P.  B.  M.  Pool  is  on  the  Canadian  side  of  the  Niagara  Gorge  at  the  Whirlpool, 
about  40  feet  north  of  P.  B.  M.  Whirlpool,  on  the  same  ledge  of  rock  (not  broken 
off  here)  close  to  the  water's  edge,  being  the  top  of  a  brass  bolt  leaded  verti- 
cally Into  the  ledge,  marked 

B.  M. 
O 

POOL 
Elevation,  297.731. 

♦  P.  B,  M,  University  Is  about  2  miles  north  of  Niagara  Falls,  N.  Y.,  and  65 
yards  east  of  top  of  Gorge  of  Niagara  River,  In  west  corner  of  main  building  of 
Niagara  University,  being  the  center  of  a  brass  bolt  leaded  horizontally  into 
stone  4i  Inches  east  of  corner  and  20  Inches  above  ground.    Elevation,  589.352. 

*T  B.  M.  No.  31  is  in  Lewiston  Heights,  N.  Y.,  on  top  of  retaining  wall  on 
south  side  of  wagon  road,  10  feet  north  of  center  of  track  of  the  New  York 
Central  Railroad  and  39  feet  east  of  northeast  corner  of  Lewiston  Heights 
Station,  being  the  top  of  a  small  square  cut  on  large  stone.    Elevation,  530.919. 

♦  P.  B.  M,  Lewiston  Heights  No,  2  Is  111  yards  east  of  the  center  of  Lewiston 
Heights  Station,  N.  Y.,  in  face  of  solid  ledge  rock  on  upper  side  of  wagon  road 
leading  down  from  Lewiston  Heights  Station  to  Lewiston,  being  the  center  of  a 
brass  bolt  leaded  horizontally  in  vertical  face  of  rock,  21  inches  below  top  of 
ledge,  and  marked  thus,  in  3-inch  letters : 

U.  S. 

O 

P.  B.  M. 

Elevation,  506.404. 

♦P.  B,  M.  Lewiston  is  In  I-iewiston,  N.  Y.,  at  corner  of  Center  and  Ninth 
Streets,  on  the  northwest  corner  of  stone  door  sill  of  north  door  of  west  wing 
of  old  Seminary  Building,  being  a  square  cut  on  stone.    Elevation,  401.831. 

♦P.  J5.  M,  Murphy  is  in  Lewiston,  N.  Y.,  on  south  side  of  Center  Street, 
between  Fourth  and  Fifth  Streets,  being  a  square  cut  on  wat^  table  of  north* 
east  corner  of  foundation  of  brick  store  owned  by  Eugene  Murphy.  Eleyation, 
368.34. 

Topography. — ^A  general  topographic  map  was  prepared  showing 
the  Niagara  River  from  above  Cayuga  Island  to  below  Lewiston. 
Along  the  Canadian  shore  a  strip  of  country  about  half  a  mile  wide 
is  depicted,  while  on  the  American  side  the  map  covers  a  triangle 
about  6  miles  wide  and  7  miles  long.  This  area  includes  the  ground 
covered  by  all  the  American  power  development  projects  of  merit 
which  have  been  proposed.    The  map  is  shown  on  plates  Nos.  13  and  14. 

For  the  most  important  part  of  this  map  a  very  careful  transit 
and  stadia  survey  was  made.  The  area  covered  is  roughly  bounded 
bv  the  Military  Koad,  Fish  Creek,  the  top  of  the  Gorge,  Bloody  Rim, 
Whirlpool  Avenue,  Sugar  Street,  and  the  New  York  Central  Rail- 
road tracks.  This  amounts  to  about  12  square  miles.  The  work  was 
thoroughly  and  carefully  performed.  All  details  that  properly 
should  show  on  a  1 :  10000  map  were  located,  and  enough  elevations 
were  taken  for  the  plotting  of  contours  with  a  vertical  interval  of 
2  feet. 

The  rest  of  the  map  was  compiled  from  various  sources,  including 
maps  of  the  Board  of  Engineers  for  Deep  Waterways,  the  Lake 
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Survey,  the  Geological  Survey,  the  city  of  Niagara  Falls,  and  the 
t^o  American  power  companies,  corrections  and  additions  being 
obtained  by  fragmentary  surve3rs  and  reconnaissance. 

A  special  survey  was  made  of  the  American  bank  of  the  Gorge 
from  above  the  Devils  Hole  to  below  Fish  Creek.  This  was  done  by 
transit  and  stadia,  supplemented  by  a  ^'  hand  transit."  The  resulte 
are  incorporated  in  tjfie  large  topographic  map,  and  are  also  given 
separately  on  a  larger  scale  on  plate  No.  16.  Practically  all  the  pro- 
posed lower  river  power-house  sites  are  located  within  the  limits  of 
this  survey. 

The  transit  and  stadia  surveys  involved  a  large  number  of  closed 
traverses  which  were  tied  in  horizontally  to  several  existing  triangu- 
lation  stations,  and  vertically  to  several  precise  bench  marks.  The 
latitude,  longitude,  and  elevation  of  each  transit  station  or  stake 
was  computed  carefully,  and  the  point  plotted  accurately.  All  side 
shots  were  plotted  with  lar^e  Colby  protractor.  By  such  methods  a 
map  of  great  accuracy  has  been  obtamed. 

Rock  Soujidings, — In  making  estimates  of  the  cost  of  a  power  canal 
from  the  upper  river  to  the  edge  of  the  lower  Gorge  it  was  necessary 
to  know  the  depth  of  earth  that  would  be  found  on  top  of  the  rock 
along  the  various  proposed  routes.  The  only  data  available  was  a 
line  of  rock  soimdings  near  Military  Road  made  by  the  Deep  Water- 
ways Board,  and  a  few  records  of  city  sewer  surveys  at  Niagara  Falls. 
To  supplement  this  data  an  extensive  rock  survey  was  made  over  the 
areas  between  the  Military  Road  and  Sugar  Street. 

The  soundings  were  made  with  a  series  of  hexagonal  tool  steel  rods. 
The  first  rod  was  If  inches  in  diameter  and  4  feet  long.  It  was  driven 
into  the  ground  with  sledges  until  only  about  half  a  foot  remained 
above  ground.  It  was  then  pulled  out  by  means  of  a  special  "  puller," 
consisting  of  a  series  of  levers,  and  the  next  rod  was  inserted  in  the 
hole.  This  rod  was  1^  inches  in  diameter  and  7  feet  long,  and  was 
driven  and  pulled  in  the  same  manner. 

This  process  was  continued,  each  rod  being  an  ei^bth  of  an  inch 
smaller  and  3  feet  longer,  until  rock  was  struck.  The  longest  rod 
used  was  three- fourths  inch  in  diameter  and  25  feet  long.  A  longer 
rod  of  five-eighths  inch  sis5e  was  provided,  but  could  not  be  used  be- 
cause it  was  too  flexible  to  be  inserted  in  the  hole  without  use  of  a 
small  gin  pole  or  derrick. 

The  work  was  carried  on  under  great  difficulties  throughout  the 
coldest  winter  ever  recorded  in  this  region.  Photographs  Nos.  69 
to  71  illustrate  the  process.  No.  69  shows  a  rod  being  driven  and  No. 
70  shows  the  pulling  machine  in  operation.  The  rock  surface  was 
overlaid  with  a  foot  or  two  of  hardpan  and  bowlders,  and  this  often 
bent  and  twisted  the  rods  so  that  two  heavy  screw  jacks  had  to  be 
used  to  pull  thejn,  as  is  shown  in  photograph  No.  71. 

Altogether  60  rock  soundings  were  made.  They  are  plotted  on  the 
general  topographic  map,  plates  Nos.  13  and  14. 

Other  field  work  performed  included  an  examination  of  the  Welland 
Canal,  a  reconnaissance  of  the  route  of  the  proposed  Erie  &  Ontario 
Sanitary  Canal,  and  various  inspections  of  the  new  construction 
under  way  on  both  sides  of  the  river  at  Niagara  Falls. 

The  most  difficult  and  important  part  of  the  office  work  was  the 
designing  and  estimating  of  proposed  power  development  projects 
for  the  use  of  water  diverted  from  Niagara  River.    A  great  deal  of 
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time  was  spent  on  this  work,,  studying  the  situation  and  the  various 
problems  involved,  consulting  informally  with  engineers,  contractors^ 
and  others  familiar  with  these  matters,  making  outline  designs,  and 
preparing  and  checking  estimates.  In  this  connection  a  careful 
study  was  made  of  all  the  reports  submitted  by  those  interested  in 
Niagara  power  development.  The  detailed  description  of  this  work 
is  £^ven  m  Section  F  of  this  report 

Next  in  importance  to  the  power  projects  was  the  matter  of  reme- 
dial works  above  the  Horseshoe  Falls.  A  large  amount  of  time  was 
spent  in  the  study  of  this  problem  and  in  the  preparation  of  outline 
plans  and  estimates.    These  are  given  in  Section  £ . 

Other  office  operations  not  already  specifically  noted  included 
reduction  and  study  of  data  pertainmg  to  the  Chicago  Drainage 
Canal,  and  the  assembling  and  examination  of  data  pertaining  to 
various  phases  of  the  investigation.  The  preparation  of  the  report 
has  been  a  task  requiring  a  large  amount  ox  time. 

W,  S.  Richmond. 


Appendix  C. 

PRESEKVATION    OF    SCENIC    BEAUTY    OF    NIAGARA 
FALLS  AND  OF  THE  RAPIDS  OF  NIAGARA  RIVER. 


[Lieutenant  Jones's  report.] 

August  26,  1919. 

From :  First  Lieut.  Albert  B.  Jones,  En^neers^  United  States  Army. 
To :  The  Division  Engineer,  Lakes  Division,  Buffalo,  X.  Y. 
Subject:  Eeport  on  preservation  of  scenic  beauty  of  Niagara  Falls 
and  of  the  rapids  of  Niagara  River. 

There   is  submitted  herewith  report  on   preservation  of  scenic 
beauty  of  Niagara  Falls  and  of  the  rapids  of  Niagara  Biver. 

Albebt  B.  Jomes, 
First  Lieutenant^  Engineern. 


I.  THE  PBOBLEM. 

Preliminary, — ^The  Falls  of  Niagara  are  probably  the  most  famous 
scenic  marvel  in  the  world.  Except  for  the  distant  and  inaccessible 
Zambesi  Fall  in  Africa,  no  other  cataract  approaches  it  in  majesty 
and  power.  The  staggering  rush  of  this  great  volume  of  water,  the 
roar  of  its  descent,  and  the  rainbow-marked  column  of  ascending 
spray  form  a  spectacle  which  for  240  years  has  excited  the  awe  ana 
admiration  of  all  beholders.  No  place  in  this  country  is  so  well 
known  to  Europeans,  and  even  visitors  from  China  and  Japan  are 
anxious  to  view  the  famous  cataract.  Neither  is  the  place  without 
honor  in  its  own  country.  No  great  natural  feature  m  the  United 
States  is  visited  by  as  many  Americans  as  Niagara  Falls.  The  offi- 
cers in  charge  of  the  New  \  ork  State  reservation  estimate  the  annual 
number  of  visitors  at  one  and  one-half  million  persons.  Many  of 
these  come  from  a  great  distance,  and  their  average  expenditure  for 
the  trip  is  estiinated  at  $25  apiece,  or  a  total  of  $37,000,000  per 
annum. 

The  money  these  sightseers  spend  each  year  is,  in  a  measure,  an 
indication  of  the  value  of  the  scenic  beauty  of  the  Falls.  These 
people  feel  that  to  have  experienced  the  sublimity  and  grandeur  of 
the  cataract  and  its  surroundings  has  been  an  adequate  return  for  an 
expenditure  of  $37,000,000  per  year.  Such  an  expenditure,  by  the 
people  of  a  Nation  commonly  accused  of  a  money-grubbing  commer- 
cialism is  surely  a  sign  of  our  aesthetic  salvation.  In  this  way  the 
Falls  are  a  great  national  asset,  intangible,  it  is  true,  and  not  to  be 
measured  in  dollars  and  cents,  but  nevertheless  of  immense  value  to 
the  spiritual  and  artistic  life  of  the  Nation.  The  destruction  or 
serious  defacement  of  this  great  spectacle  for  the  sake  of  developing 
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water  power,  or  for  any  other  object,  would  be  a  piece  of  intolerable 
vandalism  to  which  the  people  of  this  country  would  never  submit. 

Fifteen  years  ago  it  appeared  possible  that  such  a  defacement  was 
impending  and  water-power  development  was  accordingly  checked 
by  the  Burton  Act  and  the  subsequent  treaty  with  Great  Britain. 
By  its  terms  the  Burton  Act  was  a  temporary  measure.  It  was  like 
the  temporary  injunction  issued  by  courts  of  equity  which  forbids  a 
certain  act  to  be  done  until  investigation  shows  whether  or  not  its 
consequences  will  be  harmful  to  the  plaintiff.  The  investigation  has 
now  been  made,  and  it  remains  only  to  determine  what  are  the  proper 
limits  that  should  be  placed  upon  power  development  to  prevent  dam- 
age to  the  scenic  beauty  of  the  Falls. 

The  water  power  also  has  its  imaginative  and  spiritual  appeal.  It 
represents  in  a  most  dramatic  way  the  triumph  of  man  over  matter. 
The  very  name  "  Niagara  "  has  become  provei-oial  as  representing  the 
great  forces  of  nature  in  one  of  their  more  irresistible  and  uncon- 
trollable manifestations  and  yet  a  part  of  this  awe-inspiring  force 
has  been  harnessed  to  the  service  of  man.  The  record  of  the  energy 
•and  persistence  of  the  pioneers  who  developed  the  great  hydraulic 
and  electric  installations  at  Niagara  forms  a  bright  page  in  the  his- 
torv  of  science  and  engineering. 

Aside  from  the  direct  monetary  value  of  the  electric  power,  these 
developments  have  also  great  value  as  a  cultural  and  civilizing  force. 
The  presence  of  large  amounts  of  cheap  power  at  Niagara  has  been 
the  chief  moving  force  behind  the  recent  advance  of  the  electro- 
chemical industries,  and  this  advance  has  been  revolutionary.  Com- 
pare conditions  now  with  those  of  1890,  when  the  first  large  power 
house  was  building.  Then  aluminum  was  a  laboratory  curiosity 
worth  $10  or  $12  a  pound ;  now  it  is  an  every-day  necessity  and  costs 
little  more  than  copper.  Then  steel  was  a  simple  alloy  of  iron  and 
carbon;  to-day  nearly  every  tool  of  the  mechanic  is  hardened  or 
toughened  with  silicon,  chromium,  titanium,  or  some  other  product 
of  the  electric  furnace.  Then  emery  and  graphite  were  valuable  min- 
erals whose  ^Tsible  supply  was  rapidly  decreasing ;  now  carborundum 
and  artificial  graphite  are  driving  the  natural  supply  from  the 
market  by  their  cheapness  and  uniformly  high  quality.  To  these 
must  be  added  calcium  carbide  and  acetylene  gas,  liquid  chlorine, 
artificial  gems,  and  many  other  products  quite  unknown  or  not  com- 
mercially available  28  years  ago.  These  things  have  revolutionized 
our  way  of  living  in  many  ways,  ranging  from  cookery  to  transpor- 
tation. The  farmer  stimulates  his  crops  with  fertilizers  seized  from 
the  atmosphere  by  Niagara  power.  The  food  he  grows  is  cooked  in 
vessels  of  Niagara  aluminum  with  water  purified  by  liquid  chlorine 
from  the  same  source.  It  is  no  exaggeration  to  say  that  modem 
aeroplanes  and  motor  cars  would  be  impossible  without  the  aid  of 
the  aluminum,  abrasives,  and  alloy  steels  developed  by  Niagara 
power. 

These  things  belong  to  the  past.  What  beneficial  results  would 
flow  from  a  further  development  of  this  natural  resource  no  one  can 
tell,  but  there  is  no  reason  to  expect  the  future  to  be  less  productive 
than  the  past.  Rather  does  science  advance  by  geometrical  progres- 
sion, using  the  gains  of  to-day  as  the  basis  for  a  broader  advance  on 
the  morrow.    Surely  we  owe  it  to  ourselves  and  to  posterity  to  de- 
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velop  this  magic  power  to  the  utmost  limits  that  are  possible  with- 
out committing  the  sacrilege  of  harming  nature's  great  temple  of 
beauty.  It  may  weU  be  that  while  doin^  so  we  can  also  repair  some 
damage  that  has  already  been  done  by  the  hand  of  man  and  by  that 
process  of  natural  decay  which  tends  to  destroy  all  waterfalls. 

In  short,  our  problem  reduces  itself  to  this :  What  can  be  done  to 
repair  existing  damage  to  the  beauty  of  the  Falls  and  how  much 
more  power  can  be  developed  without  doing  further  damage} 

Description  of  the  Falls  and  rapids. — For  the  study  of  tiiis  prob- 
lem a  thorough  knowledge  of  the  different  parts  of  the  Falls  and 
rapids  is  necessary.  In  Section  A  of  this  report  will  be  found  a  de- 
scription of  the  river  as  a  whole  with  its  r^ations  to  the  adjacent 
lakes.  The  features  having  a  scenic  interest  will  now  be  described  in 
more  detail.  The  items  described  will  all  be  found  on  the  topo- 
graphic map  on  photographs  18  and  14  of  this  report.  In  photo- 
graphs Nos.  72  to  129  are  a  collection  of  views  of  the  most  important 
scenic  features  under  various  conditions  of  stage  and  diversion.^ 
Photograph  No.  72  shows  summer  and  winter  panoramic  views  taken 
from  the  Canadian  edge  of  the  Gorge  a  little  ways  above  the  bridge. 
Photograph  No.  73  is  another  panorama  taken  from  ^'  Falls  View.'' 
The  ouier  photographs  are  pictures  of  the  individual  features. 

The  upper  Niagara  Biver  down  to  Port  Day  is  a  stream  of  no  par- 
ticular scenic  value.  Just  below  this  point  (joat  Island  divides  the 
stream  into  two  channels,  the  ri^ht  hand  or  northeasterly,  of  which 
forms  the  "American  or  Goat  Island  Rapids."  Photo^aphs  Nos. 
74  to  76  show  these  rapids.  This  is  one  of  the  most  beautifm  rapids, 
especially  the  part  below  the  bridge,  not  shown  in  the  pictures.  It 
consists  of  a  series  of  cascades  and  chutes  divided  up  by  a  number 
of  small  wooded  islands.  The  contrast  between  the  dark  green  of  the 
islands  and  the  foaming  breakers  and  white  waters  of  the  rapids  is 
very  beautiful,  especially  in  bright  weather.  These  rapids  are  2,500 
feet  long  and  from  400  to  1,200  feet  wide.  Their  average  flow  under 
present  conditions  is  perhaps  9,000  cubic  feet  per  second. 

Southeast  of  Goat  Island  lies  the  ^'  Canadian  or  Horseshoe  Rapids." 
These  begin  with  a  series  of  long  cascades  extending  from  the  Three 
Sister  Islands  across  the  stream  to  the  Dufferin  Islands.  Below  the 
cascades  the  rapids  flow  swiftly  down  a  wide  and  steep  incline  of 
rock;  some  parte  are  quite  shallow.  While  soine  views  of  this  rapid 
give  a  sensation  of  power  and  swiftness,  there  is  but  little  of  beauty 
or  grandeur  in  it  except  at  the  cascades.  The  Canadian  Rapids  are 
shown  in  photographs  Nos.  78  to  81  and  still  better  in  photograph 
No.  73.  They  are  about  3,000  feet  long  and  the  width  varies  from 
3j500  to  1,200  feet.  Under  present  conditions  the  average  flow  just 
above  the  Falls  is  about  150,000  cubic  feet  per  second. 

At  the  foot  of  the  American  Rapids  the  water  drops  over  a  verti- 
cal cliff  into  the  Gorge,  forming  the  "American  Fall."  This  is  prob- 
ably the  most  beautiful  and  best  known  feature  of  Niagara.  It  can 
be  seen  to  advantage  from  Prospect  Point,  Luna  Island,  Goat  Island, 
the  International  bridge,  and  the  Canadian  side,  and  is  the  detail 
most  often  selected  for  reproduction  in  photographs  and  paintings. 
It  is  shown  in  photographs  Nos.  82  to  90,  also  in  Nos.  72  and  73. 

'  See  also  supplementary  report  on  p.  281 . 
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The  crest  line  is  about  1,000  feet  long  and  only  slightly  curved. 
Over  this  crest  the  water  rushes  with  an  average  depth  of  1^  feet 
and  an  average  velocity  of  6  feet  per  second  and  plunges  vertically 
down  onto  the  huffe  rocks  piled  at  the  foot  of  the  cliff.  The  height 
of  the  fall  is  167  feet.  At  the  southwest  end  Luna  Island  separates 
the  last  60  feet  from  the  main  fall.  This  section  is  known  as  the 
"Luna  Fall"  or  "Bridal  Veil  Fall."  Prospect  Point  is  the  best 
viewpoint  for  the  American  Falls  and,  being  easy  of  access,  is  the 
most  visited  point  of  Niagara.  Here  the  visitor  finds  the  whole  roar- 
ing rush  ana  power  of  9ie  Falls  at  his  very  feet.  A  still  greater 
enect  of  irresistible  power  is  felt  when  this  cataract  is  viewed  from 
the  talus  slop  at  the  foot  of  the  cliff  below  Prospect  Point.  Here 
the  rock  itself  trembles  from  the  impact  of  the  falling  waters. 

The  "Horseshoe  or  Canadian  F^U"  lies  south  and  west  of  the 
American  Falls  and  is  separated  from  it  by  Goat  Island.  This  fall 
has  a  tremendous  flow  of  water,  sixteen  times  as  much  as  the  Ameri- 
can Falls,  but  for  several  reasons  it  fails  to  make  a  proportionate 
effect.  The  original  horseshoe  shaped  Crestline  which  ^ave  it  its 
name  has  gradually  been  eaten  away  until  now  the  plan  is  a  curved 
V  as  shown  on  plate  No.  18.  The  apex  of  this  notch  is  not  ordi- 
narily visible  from  any  point  of  view.  The  greater  bulk  of  the  water 
rushes  into  this  notch  and  sends  up  a  cloud  of  spray  and  mist  whicli 
nearly  always  forms  an  impenetrable  curtain  in  nront  of  this  part 
of  the  fall. 

Photographs  Nos.  91  to  104  and  Nos.  72  and  73  show  different  views 
of  the  £u)rseshoe  Falls,  but  it  was  impossible  to  get  one  showing  the 
face  of  the  Falls  at  this  notch.  Even  without  ue  spray  the  ^ape 
of  the  crest  is  such  that  only  a  distant  and  foreshortened  view  would 
be  possible. 

At  ordinary  stages  the  parts  of  the  Falls  adjacent  to  the  notch 
show  a  spectacle  comparable  to  the  American  l^alls,  but  only  to  be 
seen  from  a  distance.    The  ends  are  the  only  parts  which  can  be  ap- 

5roached  by  the  observer  and  these  show  only  a  meager  display, 
'he  flow  is  not  continuous  along  their  crest,  but  is  broken  in  sev- 
eral places.  At  very  low  stage  many  stretches  of  bare  rock  are  visi- 
ble and  the  flow  is  reduced  to  small  detached  streams;  see  photo- 
graphs Nos.  95  and  97,  observing  that  these  were  taken  at  a  moder- 
ately low  stage  and  that  conditions  are  often  much  worse  than  the 
pictures  show. 

The  crest  line  of  the  Horseshoe  Falls  is  2,600  feet  long.  The  height 
is  162  feet  and  the  average  flow  under  present  conditions  is  about 
150,000  cubic  feet  per  second. 

At  the  head  of  the  Gorge  below  the  Falls  is  the  stretch  of  quiet 
water  called  in  this  report  the  "  Maid-of-the-Mist  Pool."  This  is 
shown  in  photographs  Nos.  72,  73,  and  106.  The  Pool  is  a  body  of 
deep,  comparatively  quiet  water  extending  from  the  foot  of  the  r  alls 
to  the  railroad  bridges  and  surrounded  by  walls  of  rock  200  feet 
high.  Its  upper  part  is  navigated  by  two  small  steamers.  The  water 
at  the  head  of  the  Pool  is  stirred  into  foam  by  the  Falls.  Elsewhere 
it  is  black  and  quiet  except  just  below  the  highway  bridge,  where  it 
receives  the  discharge  of  the  Niagara  Falls  Power  Co.'s  tunnel. 
This  discharges  10  per  cent  more  water  than  the  American  Falls  and 
creates  a  wake  of  whitecaps  and  broken  water  clear  across  to  the 
Canadian  shore.     The  tail-water  from  all  the  power  plants  is  dis- 
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charged  into  this  pool  and  three  of  the  power  houses  are  on  its  banks 
at  the  foot  of  the  cliffs. 

The  Maid-of-the-Mist  Pool  is  12,000  feet  long.  It  has  an  aver- 
age width  of  850  feet  and  a  maximum  of  1,400.  Its  greatest  depth 
is  not  known,  but  a  sounding  of  ld2  feet  has  been  recorded. 

At  the  foot  of  the  Maid-of-the-Mist  Pool  the  river  narrows  sharply 
to  a  width  of  about  360  feet  at  the  railroad  bridges.  The  next  mile 
of  the  river  is  known  as  the  "  Whirlpool  Kapids."  These  are  the 
most  spectacular  rapids.  The  width  is  only  about  400  feet  except 
near  the  lower  end,  where  it  widens  to  800.  The  cliffs  are  from  230 
to  270  feet  high  and  are  verv  precipitous,  especially  on  tihe  American 
side.  The  bottom  of  this  deep  gorge  is  obstructed  by  great  masses 
of  rock,  over  which  the  water  dashes  tumultously,  reaching  velocities 
of  more  than  30  feet  per  second.  Breakers  and  standing  waves  are 
formed  on  a  larger  scale  than  anywhere  else.  Photographs  Nos.  106 
to  113  illustrate  these  rapids. 

At  the  foot  of  these  rapids  is  the  "  Whirlpool."  This  is  an  im- 
mense elliptical  basin  1,700  feet  long  and  1,200  feet  wide  surrounded 
by  banks  280  feet  high.  The  water  enters  from  the  southeast  and 
circles  around  rapidfy  in  a  counterclockwise  direction,  eventually 
making  its  escape  through  the  outlet  to  the  northeast  by  passing 
under  the  incoming  stream.  Logs  and  other  drift  frequently  circle 
the  Whirlpool  for  weeks  before  making  their  escape.  The  deepest 
sounding  that  has  been  made  in  the  Whirlpool  is  1^  feet.  No  com- 
prehensive view  of  the  Whirlpool  is  availaole,  but  photographs  Nos. 
116  to  119,  taken  to  diow  the  head  of  Lower  Rapids,  give  glimpses  of 
the  Pool. 

From  the  Whirlpool  the  water  rushes  violently  through  the  narrow 
gap  shown  in  plates  115  to  119  and  enters  the  "  Lower  Eapids."  These 
are  a  little  more  than  2  miles  long.  They  are  similar  to  the  Whirlpool 
Rapids  except  that  the  velocities  are  not  quite  so  great  and  the  cliffs 
are  less  steep.  For  the  first  half  mile  the  width  is  about  600  feet. 
Below  this  the  Gorge  is  obstructed  by  a  mass  of  rock  on  the  Canadian 
side  known  as  "  Fosters  Flats  "  or  "  Niagara  Glen."  For  half  a  mile 
abreast  of  the  flats  the  rapids  are  almost  equal  to  those  above  the 
Whirlpool.  The  narrowest  part  of  the  river,  in  fact,  the  narrowest 
part  of  the  Great  Ltftkes  system  from  Duluth  to  the  sea  occurs  near 
the  head  of  Fosters  Flats,  where  the  width  is  about  310  feet.  The 
portion  of  the  rapids  below  the  flats  is  from  500  to  800  feet  wide, 
with  increasing  depths  and  diminishing  velocities  until  some  dis- 
tance above  the  Suspension  Bridge  the  term  "  rapids  "  is  hardly  ap- 
plicable and  below  the  bridge  the  current  is  Quite  moderate  and  the 
river  is  navigable  for  the  largest  boats.  The  cliffs  of  the  lower  gorge 
reach  a  maximum  height  of  810  feet.  Pictures  of  the  Lower  Bapids 
are  shown  on  photographs  Nos.  120  to  129. 

Efect  of  stage  and  of  diversions, — The  amount  of  water  flowing 
through  the  Niagara  River  depends  primarily  upon  the  elevation  of 
Lake  Erie  at  Buffalo ;  the  higher  the  lake  the  greater  the  flow  in  the 
river.  This  relation  may  be  expressed  with  sufiicient  accuracy  for 
present  purposes  by  the  formula — 

Q=3,904  (H-668.87)Va 

where  Q  is  the  discharge  of  the  river  in  cubic  feet  per  second  and  H 
is  the  elevation  of  Lake  Erie  at  the  Buffalo  gauge.    This  formula  is 
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derived  from  current  meter  measurements  made  from  the  Interna- 
tional Bridge  at  Black  Bock  by  the  United  States  Lake  Survey  and 
has  been  checked  by  measurements  at  two  other  sections.  An  auto- 
matic water  gauge  has  been  maintained  at  Buffalo  since  1898.  By 
combining  the  records  of  this  gauee  with  the  formula  given  above  the 
fluctuations  of  the  river  flow  can  be  studied. 

In  the  21  years  since  this  gau^  was  established  the  yearly  mean 
discharge  has  varied  from  a  minunum  of  184,000  cubic  feet  per  sec- 
ond in  1901  to  a  maximum  of  218,000  cubic  feet  per  second  in  1913. 
The  variations  in  the  daily  mean  flow  are  much  larger,  but  values 
greater  than  285,000  cubic  feet  per  second  or  less  than  160,000  are 
very  rare,  seldom  occurring  oftener  than  two  or  three  times  a  year. 
During  heavy  ^es  the  elevation  at  Buffalo  undergoes  very  great 
fluctuations  which  last  only  a  few  minutes.  On  December  7, 1909,  at 
6.28  p.  m.,  the  gauge  recorded  680.28,  and  on  Februarjr  1, 1916,  at  tM 
p.  m.,  it  was  567.38.  These  are  the  maximum  and  minimum  heights 
m  the  gauge  book.  Applying  the  formula  given  above  would  indicate 
corresponding  discharges  of  400,000  and  106,000  cubic  feet  per  sec- 
ond respectively.  As  a  matter  of  fact,  it  requires  several  hours  for 
the  effect  of  a  large  change  in  the  Buffalo  ^auge  to  reach  the  Falls, 
and  as  these  extremes  last  for  only  a  few  minutes  the  maximum  and 
minimum  flows  at  the  Falls  were  probably  much  more  moderate  than 
these  figures  would  indicate. 

By  computing  the  elevation  at  Buffalo  from  that  recorded  at 
Cleveland  it  is  possible  to  use  a  longer  series  of  years.  Using  the 
51  years  beginning  in  1861,  the  mean  discharge  of  the  Niagara  Kiyer 
is  207,000  cubic  feet  per  second.  This  has  been  adopted  as  the  stand- 
ard for  this  report.  It  corresponds  to  the  gauge  heights  shown  on  the 
profile  on  plate  No.  11. 

The  effect  of  diversions  of  water  from  the  river  is  very  nearly  the 
same  as  the  effect  of  a  low  stage  of  Lake  Erie  except  that  only  the 
portion  of  the  river  between  the  point  where  the  water  is  taken  out 
and  the  point  where  it  is  returned  is  affected.  The  present  diversions 
for  power  affect  the  appearance  of  the  American  and  Canadian 
Rapids  and  the  American  and  Horseshoe  Falls,  but  not  the  Whirl- 
pool Rapids  or  the  Lower  Rapids.  The  proposed  developments  with 
a  300-foot  head  would  affect  these  also,  as  do  the  diversions  of  the 
Welland  Canal,  the  New  York  State  Barge  Canal,  and  the  Chicago 
Drainage  Canal. 

Photographs  Nos.  74  to  127  show  the  appearance  of  the  different 
falls  and  rapids  at  various  stages.  One  set  was  taken  at  extremely 
high  stage  and  one  at  about  the  mean  stage.  It  was  unfortunately  im- 
possible to  get  a  set  at  extremely  low  stage,  although  no  effort  was 
spared,  and  the  third  set  shows  conditions  only  a  little  below  mean 
stage.^  Each  picture  is  marked  with  the  date  and  time  when  it  was 
taken,  and  the  computed  flow  of  the  river  at  that  time.  In  addition, 
those  showing  the  Falls  or  the  rapids  above  the  Falls  are  marked  with 
the  computecfflow  over  the  Falls.  In  studying  these  pictures  it  should 
be  borne  in  mind  that  the  average  flow  of  the  river  is  207,000  cubic 
feet  per  second ;  that  originally  tnis  all  went  over  the  Falls,  but  that 
at  present  the  power  diversion  amounts  to  about  50,000  cubic  feet  per 
second,  and  the  flow  over  the  Falls  averages  157,000. 

^  See  alBo  supplementary  report  on  p.  281. 
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Photographs  Nos.  74  to  80  show  the  Canadian  and  American  Rapids 
above  the  ii  alls  with  the  flow  over  the  Falls  ranging  from  155,000  to 
245,000  cubic  feet  per  second.  It  appears  that  diange  of  stage  does 
not  have  a  very  great  effect  on  the  beauty  of  the  rapids.  The  Ameri- 
can Rapids  looks  better  in  the  extreme  high  sta^  of  photograph  No. 
76,  but  this  is  partly  due  to  the  fact  that  tetter  lighting  conditions  on 
that  day  gave  a  better  photograph.  The  same  is  true  of  photograph 
No.  80  of  the  Canadian  Rapids.  The  only  place  whose  beauty  suffers 
badly  is  the  northwest  comer  of  the  Canadian  Rapids,  where  the  un- 
sightly shoal  shown  in  photograph  No.  81  is  much  more  conspicuous 
at  low  stage. 

The  American  Falls  is  shown  in  photonaphs  Nos.  82  to  90.  It  is 
rather  sensitive  to  changes  of  stage.  Photographs  Nos.  87  and  89 
show  this  particularly  well  despite  the  fact  that  No.  89  is  a  yerj  poor 
photograph  because  of  the  spray.  At  the  low  stage  the  crest  is  but 
thinly  covered,  and  the  water  shows  an  angular  drop  as  it  passes  over. 
At  the  high  stage  the  rock  ledges  of  the  crest  are  practically  invisible 
and  the  water  leaps  into  the  Gorge  in  a  beautirul  parabolic  curve. 
Photograph  No.  90  is  taken  from  a  higher  point  of  view  and  shows  the 
thinness  of  the  Falls  at  low  stage  still  more  plainly.  On  the  not  un- 
common days  when  the  flow  over  the  Falls  is  reduced  to  140,000  cubic 
feet  per  second  this  affect  is,  of  course,  very  much  worse  than  the  pic- 
tures show. 

Of  all  the  natural  features  at  Niagara  the  Horseshoe  Falls  is  the 
one  most  affected  by  change  of  stage.  This  is  illustrated  in  photo- 
graphs Nos.  91  to  104.  The  appearance  of  the  "  notch,**  as  far  as  it  is 
visible  at  all,  is  not  appreciably  different  at  high  stage  or  at  low,  but 
on  either  end  of  the  Falls  the  effects  are  striking.  Photograph  No.  98 
shows  both  ends  of  the  Falls  from  Goat  Island  at  a  very  high  stage 
when  the  flow  over  the  Falls  was  245,000  cubic  feet  per  second.  At 
both  ends  there  is  a  continuously  buried  crest  line  with  a  rush  of 
white  water  over  it  comparable  with  the  American  Falls  at  its  best. 
Photograph  No.  96  shows  the  west  end  and  photographs  Nos.  99, 
101,  and  104  show  the  east  end  on  the  same  day.  Compare  these  with 
the  pictures  taken  from  the  same  points  on  days  when  the  flow  over  the 
Falls  was  reduced  to  155,000  or  165,000.  Photographs  Nos.  102  and 
103  show  the  broken  crest  line  and  separated  streams  at  the  east  end 
where  at  high  stage  there  was  the  splendid  display  of  photoCTaph  No. 
104.  Photographs  Nos.  97, 98,  and  100  show  how  the  bare  black  rocks 
of  the  cliff  are  exposed  at  low  water,  while  in  Nos.  99  and  101  they  are 
concealed  behind  their  full  veil  of  railing  water.  Photograph  No.  95 
is  the  most  striking  of  all. 

It  must  be  emphasized  that  although  this  picture  and  No.  96  in- 
clude somewhat  different  amounts  of  background,  they  were  taken 
from  exactly  the  same  spot.  If  the  right-hand  part  of  No.  95  be 
covered  up  as  far  as  a  vertical  line  through  the  left-hand  ventilator 
on  the  roof  of  the  power  house,  these  two  are  exactly  comparable. 
The  slimy,  unsightly  ledges  of  rock  in  the  foreground  of  95  form 
the  crest  over  which  the  magnificent  cataract  of  96  is  plunging.  It 
should  also  be  noticed  that  photograph  No.  95  shows  several  thou- 
sand cubic  feet  per  second  more  than  the  average  flow  under  present 
conditions,  and  that  stages  a  great  deal  lower  than  this  are  not  at 
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all  uncommon/     The  appearance  of  the  face  of  this  part  of  the 
Falls  at  high  and  mean  stage  is  shown  on  Nos.  92  and  93. 

The  Maid-of-the-Mist  Pool  is  not  noticeably  changed  in  appear- 
ance by  change  of  stage,  and  the  same  is  true  of  the  Whirlpool. 
The  beauty  of  these  places  resides  more  in  the  vertical  cliffs  and 
steep,  wooded  talus  slopes  than  in  the  stream  at  the  bottom  of  the 
Gorge. 

In  the  Whirlpool  Rapids  and  Lower  Rapids  conditions  are  some- 
what different.  Within  the  range  of  stage  usually  encountered 
these  rapids  are  most  beautiful  at  the  lower  stages.  The  beauty  of 
these  rapids  is  largely  due  to  the  huge  rocks  which  break  up  the 
rushing  waters  into  breakers,  standing  waves,  and  flying  masses  of 
spray  and  foam.  At  high  stages  these  rocks  are  more  deeply  buried 
and  do  not  produce  these  effects  in  anything  like  the  same  degree. 
Although  the  volume  and  velocity  of  the  water  is  greater  at  high 
stages  the  beauty  is  less.  That  volume  and  velocity  alone  have  little 
scenic  value  is  well  illustrated  by  the  outfall  of  the  Niagara  Falls 
Power  Co.  tunnel.  The  volume  of  water  entering  the  Maid-of-the- 
Mist  Pool  through  this  tunnel  is  nearly  10,000  cubic  feet  per  second, 
or  10  per  cent  more  than  the  usual  discharge  of  the  American  Rapids 
and  Falls.  Its  velocity  is  in  the  neighborhood  of  40  miles  per  hour, 
much  higher  than  exists  in  any  of  the  rapids.  Despite  the  immense 
quantity  and  velocity,  the  thing  receives  very  little  attention  from 
visitors  and  is  scarcely  mentioned  in  printed  accounts  of  the  beauties 
of  Niagara. 

Photographs  Nos.  107  and  108  show  the  upper  end  of  the  Whirl- 
pool Rapids  with  discharges  a  little  below  and  a  little  above  the 
average,  respectively.  The  low  flow  shows  slightly  larger  breakers, 
although  this  is  partly  masked  by  the  fact  that  No.  108  is  a  better 
photograph,  being  a  shorter  exposure  in  more  brilliant  light.  Photo- 
graph No.  109  is  the  same  place  at  high  stage  with  a  flow  of  267,000 
cubic  feet  per  second.  This  was  a  long  exposure  on  a  very  dark  day, 
hence  the  general  white  and  streaked  effect  of  the  moving  water. 
Nevertheless,  a  close  study  will  show  that  the  spectacular  effects  have 
been  largely  reduced  at  the  higher  stage.  This  is  especially  marked 
in  the  case  of  the  mass  of  foam  directly  in  line  with  the  center  of  the 
cantilever  bridge.  Photographs  Nos!  110,  111,  and  120  show  an- 
other view  of  the  Whirlpool  Rapids  under  like  conditions.  Dis- 
counting the  difference  in  lighting,  it  is  evident  that  these  rapids 
show  to  better  advantage  with  a  discharge  of  203,000  than  at  a  higher 
discharge.  The  large  breakers  just  in  line  with  the  two  ends  of  the 
bridge  are  markedly  larger  in  photograph  No.  110,  although  their 
details  have  been  lost  in  the  longer  exposure. 

In  the  Lower  Rapids  the  same  thing  holds  true.  Photographs  Nos. 
115  and  116  show  it  a  little.  In  photographs  Nos.  117  to  119  the 
stage  appears  to  make  very  little  difference.  No.  123  shows  how 
much  of  the  beauty  is  lost  at  a  high  stage,  but  reappears  at  the  lower 
stages  of  Nos.  121  and  122.  Photograph  No.  127  shows  the  same 
when  compared  with  125  and  126.  These  pictures  are  somewhat 
deceptive,  in  that  a  very  short  exposure  in  brilliant  light  is  required 
to  give  a  good  picture  of  waves  and  spray.  In  each  case  conditions 
were  better  in  the  pictures  taken  with  217,000  cubic  feet  per  second 

*■  See  alBO  Bapplementai7  report  on  p.  281. 
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than  in  those  with  203,000.  A  careful  study  of  individual  waves 
will  usually  show  that  they  are  larf^er  at  the  lower  sta^e,  and  it 
must  be  borne  in  mind  that  the  amount  of  spray  and  sparkle  and 
the  general  effect  upon  the  eye  is  commonly  in  proportion  to  the  size 
of  the  wave.  Of  course,  if  the  flow  were  reduced  too  far  the  rocks 
would  not  produce  waves  and  spray,  but  would  stand  up  bare  with 
water  running  between  them.  In  other  words,  there  must  be  a  point 
of  maximum  beauty  in  the  rapids.  If  the  flow  be  either  increased 
or  diminished  from  this  point  the  beauty  is  decreased.  It  would 
appear  from  a  careful  study  of  these  photographs  and  from  frequent 
observation  of  these  rapids  under  different  conditions  for  many 
years  that  this  point  lies  quite  a  bit  below  a  flow  of  200,000  cubic 
feet  per  second. 
To  sum  up,  it  may  be  said  that — 

1.  The  American  Eapids  are  not  much  affected  by  stage,  but  look 
best  with  a  moderately  large  flow. 

2.  The  Canadian  Eapids  are  very  little  affected  by  stage,  except 
the  northwest  corner,  which  require  an  extremely  high  stage  to  cover 
the  shoal  there. 

3.  The  American  Falls  looks  best  at  high  stage. 

4.  The  "  notch  "  of  the  Horseshoe  Falls  is  of  small  scenic  value  at 
any  stage.  At  low  stages  it  is  more  often  visible,  because  there  is 
then  less  mist. 

5.  The  ends  of  the  Horseshoe  Falls  look  very  poor  at  low  stage 
and  poor  enough  at  the  ordinary  conditions  now  prevailing.  At  very 
high  stages  they  are  maryelously  improved. 

6.  The  Maid-of-the-Mist  Pool  and  the  Whirlpool  derive  their 
beauty  primarily  from  the  -Gorge,  not  the  river,  and  are  not  affected 
by  change  of  stage. 

7.  The  Whirlpool  Bapids  and  Lower  Rapids  are  at  their  best  at  a 
comparatively  low  stage.  As  the  flow  increases  much  of  their  attrac- 
tion is  lost. 

Recession  of  faUs} — It  has  been  recognized  by  all  students  of 
Niagara  Falls  that  the  Falls  are  continually  eroding  their  crest  and 
thus  receding  up  the  river.  It  is  quite  evident  that  the  Falls  must 
once  have  been  located  at  the  edge  of  the  escarpment  at  Lewiston  and 
have  gradually  moved  back  to  their  present  position,  excavating  the 
Gorge  as  they  traveled.  The  time  required  for  this  journey  is  va- 
riously estimated  by  geologists,  but  the  most  authoritative  values 
He  between  thirty  and  forty  thousand  years. 

The  manner  in  which  the  recession  takes  place  is  well  described  in 
the  following  extract  from  folio  No.  190  of  the  Geologic  Atlas  of  the 
United  States,  published  by  the  United  States  Geological  Survey : 

The  brink  of  the  Horseshoe  Fulls  Is  fonnecl  by  80  feet  of  hard,  massive 
dolomite  (Lockport).  bi»neath  which  is  60  fei't  of  relatively  f#oft  shale  (Roches- 
U't),  extending  down  nearly  to  the  level  of  the  i)ool  below.  (See  pi.  No.  17. > 
A  short  distance  above  the  wat^T  is  anotluM*  layer  of  hard  limestone  (Ironde- 
qnolt),  only  15  feet  thick.  Opposite  the  American  Falls  a  thin  layer  of  hard 
sandstone  (Thorold)  is  exposed  about  in  fei^t  beneath  this  limestone.  Then 
follows  relatively  soft  slialy  sandstone  of  the  Albion  f<»rmatIon  for  50  or  60  feet 
below  the  surface  of  the  pool,  beneath  which  is  another  .sandstone  layer  (Whirl- 
pool sandstone),  25  feet  thick.  Beneath  this  in  turn  Is  300  feet  or  more  of  soft 
red  .shale  (Queenston),  extending  below  the  bottom  of  the  pool.    Thus  a  massive 


^  See  also  supplementary  report  on  p.  281. 
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layer  of  hard  compact  limestone  overlies  several  hundred  feet  of  relatively 
soft  shales  containing  a  few  thin  layers  of  hard  rock. 

The  resistance  to  stream  erosion  of  the  massive  layer  at  the  top  is  nmch 
greater  than  that  of  any  of  the  layers  beneath  it.  The  thin,  hard  beds  in  the 
underlying  shales  are  at  a  decided  disadvantage  in  resisting  the  work  of  the 
cataract,  for  the  water  only  glides  over  the  massive  top  beds,  but  strikes  with 
tremendous  force  on  the  thinner  beds  150  to  200  feet  below  wherever  they 
become  exposed.  Direct  impact  of  the  falling  water  on  the  rocks  above  the 
level  of  the  pool  is  not  the  chief  process'  in  gorge  making,  however ;  in  fact,  it 
counts  for  very  little.  By  far  the  most  important  factor  is  the  scouring  of  the 
bottom  and  sides  of  the  pool  at  the  base  of  the  Falls,  where  the  mass  of  falling 
water  strikes.  The  shale  is  gradually  worn  away  by  the  impact  of  the  water 
alone,  but  more  efficient  tools  are  continually  supplied.  By  the  wearing  away 
of  the  soft  shale  the  hard  layers  are  undermined  and  blocks  and  fragments 
of  limestone  and  sandstone  fall  into  the  pool,  where  the  tremendous  turbulence 
of  the  water  spins  them  round  and  round  after  the  manner  of  pestle  stones  In 
the  making  of  potholes.  (PI.  No.  17.)  At  first  the  blocks  are  angular,  but 
even  after  they  become  rounded  and  although  they  are  themselves  worn  away 
in  the  process,  they  wear  the  softer  rock  away  more  rapidly,  hence  the  depth 
of  the  pool  is  greater  than  the  height  of  the  Falls. 

Thus  the  brink  of  the  cataract  is  always  an  overhanging  ledge  projecting 
beyond  the  face  of  the  supporting  rock  wall.  Whenever  a  block  falls  from  the 
brink  it  contributes  to  the  lengthening  of  the  gorge  at  the  top,  and  at  the  same 
time  supplies  a  new  tool  for  lengthening  it  at  the  bottom.  With  each  fall  of 
rock  from  the  brink  the  supporting  wall  behind  the  Falls  is  attackeiA  with 
renewed  vigor  and  the  lengthening  of  the  gorge  goes  on  for  a  time  at  a  slightly 
faster  rate.  This  process  has  refiulted  in  the  making  of  the  whole  Gorge  from 
Lewiston  to  the  Horseshoe  Falls,  except  the  basin  of  the  Whirlpool,  which  is 
older  than  the  rest  of  the  Gorge. 

More  than  a  dozen  surveys  of  the  crest  line  of  the  Falls  have  been 
made  durin^g  the  last  century  and  a  half^  and  are  available  for  de- 
termining the  rate  of  recession  of  the  Horseshoe  Falls.  Five  of  the 
most  valuable  of  these  are  shown  on  plate  No.  18. 

The  first  is  from  a  plane  table  survey  of  the  Niagara  River  made 
under  the  direction  oi  Capt.  John  Montresor,  Boyal  Engineers,  in 
1764.  The  original  map  is  in  the  British  Museum.  The  crest  line  on 
plate  No.  18  is  taken  fix>m  a  reproduction  of  Montresor's  crest  line  in 
The  Falls  of  Niagara,  published  by  the  Canadian  Department  of 
Mines  in  1907.  l^is  original  map  was  on  a  small  scale  and  shows 
minor  inaccuracies  of  detail,  nevertheless  it  is  of  great  value  in 
illustrating  the  recession  of  the  Falls,  as  it  is  by  far  the  oldest  survey 
we  possess. 

Tne  second  line  on  the  plate  is  from  a  map  made  by  James  Hall  in 
1842.  This  was  the  first  careful  trigonometric  survey  of  the  crest 
line  made  especially  to  establish  a  basis  for  measuring  the  recession 
of  the  Falls.  This  appears  to  hiive  been  careful  ana  well-executed 
work.  A  series  of  stone  monuments  were  left  to  which  all  subsequent 
surveys  have  been  tied.  This  line  was  also  taken  from  a  reproduc- 
tion in  "  The  Falls  of  Niagara." 

The  next  survey  made  was  that  of  the  United  States  Lake  Survey 
in  1876.  This  was  a  good  piece  of  work.  The  third  line  on  plate 
No.  18  shows  the  crest  line  determined  by  this  survey  reproduced 
from  the  original  manuscript  map.  During  the  next  30  years  four 
or  five  surveys  were  made.  These  have  not  oeen  reproduced  as  they 
would  confuse  the  map  with  too  many  lines  without  adding  ma- 
terially to  the  information  conveyed. 

The  fourth  line  shown  represents  another  survey  executed  by  the 
United  States  Lake  Survey  in  1906.  This  was  also  taken  from  the 
original  manuscript  map.    The  fifth  line  is  a  survey  made  for  the 
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present  investigation.  The  engineers  who  performed  the  field  work 
were  Lake  Survey  employees,  and  the  metnod  used  and  results  ob- 
tained were  strictly  comparable* with  those  of  the  earlier  surveys  of 
that  organization.    This  survey  was  made  in  the  fall  of  1917. 

While  these  last  four  lines  show  certain  minor  discrepancies, 
notably  in  the  vicinity  of  the  international  boundary  line,  they  ffive 
a  very  satisfactory  record  of  the  rate  of  recession  of  the  Horse3ioe 
Falls.  The  inconsistencies  are  chiefly  between  Hall's  line  of  1842  and 
the  three  lines  surveyed  under  the  direction  of  the  corps  of  engi- 
neers. The  latter  agree  very  well  among  themselves.  Montressor's 
line  was  much  less  carefully  surveyed^  and  not  beinff  referred  to  any 
permanent  monuments  or  landmarks  it  is  not  so  well  located  on  the 
sheet  It  may  very  likely  be  in  error  as  much  as  50  feet  at  any  point, 
and  possibly  more  than  twice  that  amount  in  some  places,  fts  early 
date,  however,  irives  it  great  value,  as  it  is  the  best  basis  we  have  for 
computing  Uie  rate  of  ilceesion  in  Earlier  ;;ear8. 

The  exact  measure  to  be  used  in  expressing  the  rate  of  recession  is 
a  thing  somewhat  different  to  determine.  In  preparing  Table  No. 
26  the  followix^  method  was  used :  A  line,  m-n,  was  drawn  from  the 
east  end  of  Montressor's  crest  line  on  Goat  Island  through  the  south- 
west comer  of  the  Ontario  Power  Co.'s  power  house  to  tne  west  edge 
of  the  Gor^.  The  length  of  this  line,  1,200  feet,  was  taken  as  the 
ultimate  width  of  the  Gorge,  which  the  Falls  is  excavating.  This 
agrees  with  the  width  adopSra  by  Spencer  (Falls  of  Niagara,  p.  28) 
based  on  two  other  measurements.  Then  the  increase  m  the  area 
bounded  by  this  line  and  the  crest  line  divided  by  1,200  is  the  average 
amount  by  which  the  Gorge  has  been  lengthened  in  any  given  time. 
Dividing^  this  by  the  lengm  of  time^  in  years  gives  the  average  rate 
of  recession.  The  maximum  recession  between  any  two  successive 
lines  was  formed  by  measuring  the  length  of  the  longest  line  that 
could  be  drawn  between  them  as  nearly  as  possible  perpendicular  to 
each.  The  points  selected  for  the  ends  of  these  lines  are  indicated  on 
the  map  by  the  lower  case  letters  a,  b,  c,  etc.  Dividing  their  lengths 
by  the  elapsed  time  gives  the  maximum  rate  of  recession. 

Tabix  No.  26. — Rate  of  receisUm  of  Horshoe  FaUs. 
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6.0 
4.8 
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5.1 


This  table  indicates  that  for  the  last  century  and  a  half  the  apex 
of  the  horseshoe  has  been  cutting  back  at  an  average  rate  of  about 

the  cataract  is  exca- 
progress  was  at  the  rate 


5  feet  per  year,  while,  if  it  be  considered  that 
vating  a  gorge  1,200  leet  wide,  the  average  pro 
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of  about  4  feet  per  year.  As  a  matter  of  fact,  it  appears  that  the 
falls  are  now  forming  a  gorge  which  will  run  to  the  southeast 
rather  than  southwest  as  before,  and  that  this  new  gorge  will  be 
narrower  than  the  old.  The  rate  of  recession  in  the  new  narrower 
gorge  is  faster  than  in  the  old,  and  the  rate  appears  to  be  increasing 
m  spite  of  the  diversion  of  water  for  power  development.  The  area 
excavated  per  year  has  not  changed  much,  but  in  the  narrower  gorge 
it  results  in  a  greater  lineal  recession. 

The  result  of  this  recession  into  a  deep  notch  is  a  gradual  con- 
centration of  flow  into  the  center  of  the  crest  and  a  corresponding 
diminishing  of  the  flow  over  the  ends.  The  Lake  Survey^s  gauge 
at  the  International  Bailway  Co.  intake  indicates  that  the  recession 
of  the  falls  has  reduced  the  depth  at  this  point  quite  a  bit  since 
1906.  The  amount  of  this  lowering  is  difficult  to  determine,  as  the 
problem  is  complicated  by  a  simultaneous  lowering  due  to  the  in- 
creased diversion  by  the  power  companies.  Unpublished  reports 
of  the  Lake  Survey  state  that  the  elevation  at  this  gauge  was  re- 
duced 1.78  feet  between  1906  and  1912.  Of  this  0.38  was  explained 
by  the  effect  of  increasing  diversion  and  certain  other  artificial 
changes  in  the  river,  leaving  1.40  feet  lowering  due  to  the  recession 
of  the  falls  in  six  years.  This  appears  to  show  that  the  depth  of 
water  at  the  ends  of  the  crest  line  is  being  decreased  by  a  greater 
concentration  at  the  center. 

There  is  no  direct  evidence  of  the  reduction  in  th^  flow  at  the 
Goat  Island  end  of  the  falls,  although  such  a  reduction  has  un- 
doubtedly occurred.  At  the  Canadian  end,  however,  a  real  record 
is  preserved.  In  1875  there  was  a  flow  over  the  crest  linie  as  far 
north  as  the  outfall  of  the  Canadian  Niagara  Power  Co.'s  tunneL 
As  a  result  of  the  recession  of  the  apex  of  the  Horseshoe  Falls  the 
flow  over  this  part  of  the  crest  became  very  thin  and  a.  great  deal 
of  bare  rock  was  exposed.  Soon  after  the  Queen  Victoria  Niagara 
Falls  Park  Commission  was  appointed  in  1887  they  took  measures 
to  remedy,  this  unsightly  condition  b^  filling  in  the  land  along  this 
end  of  the  crest  and  building  a  retaining  wall.  Ultimately  nbout 
415  feet  of  the  crest  has  been  walled  up.  The  fact  that  this  baring 
of  the  Canadian  end  of  the  Horseshoe  Falls  was  due  to  natural 
causes  and  not  to  the  diversion  of  the  power  companies  should  be 
emphasized,  as  the  contrary  statement  has  often  been  made.  The 
work  had  been  undertaken  and  more  than  one-third  completed  in 
1895  when  the  total  diversion  for  power  did  not  exceed  the  incon- 
siderable amount  of  2,000  cubic  feet  per  second  or  1  per  cent  of  the 
river  flow.  It  was  completed  before  the  second  of  the  five  large 
stations  began  using  water.  There  can  be  no  question  whatever 
but  that  it  was  due  to  the  recession  of  the  falls  and  aggravated  by 
the  period  of  deficient  rainfall  which  occurred  about  1890.  The 
builaing  of  the  wall  was  not  made  necessary  by  the  construction 
of  the  power  plants  and  has  been  of  no  advantage  to  any  of  them. 

As  stated  above,  the  result  of  the  recession  now  occurring  is  to  with- 
draw water  from  the  ends  of  the  Falls  and  concentrate  it  at  the  center. 
The  ends  are  the  parts  that  are  conspicuously  visible  to  spectators. 
The  notch  is  quite  invisible  from  the  most  frequented  viewpoints  and 
can  not  be  seen  to  any  advantage  from  any  pomt.  Thus  the  recession 
is  causing  a  decided  decrease  m  the  beauty  of  the  Horseshoe  Falls. 
Also  the  greater  concentration  of  the  flow  into  the  central  notch  causes 
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a  thickening  of  the  darkening  curtain  of  mist  and  further  obscures 
the  spectacle.  This  effect  is  cumulative.  Increased  erosion  in  the  notch 
causes  concentration  of  flow  there;  concentration  of  the  flow  in  the 
notch  increases  the  erosion  there.  A  vicious  cycle  is  thus  established 
which  is  tending  to  the  rapid  destruction  of  the  Horseshoe  Falls  as 
we  now  know  it.  It  may  be  confidently  predicted  that  if  nothing  is 
done  to  check  this  process  the  not  very  distant  future  will  see  the 
whole  Terrapin  Point  shelf  left  bare  to  a  point  several  hundred  feet 
south  of  where  it  crosses  the  boundary  Ime  and  a  similar  though 
smaller  effect  on  the  Canadian  side.  A  narrowed  cataract  not  much 
more  than  a  thousand  feet  in  length  will  plunge  into  the  end  of  a 
gorge  correspondingly  contracted ;  the  whole  willbe  shrouded  in  dense 
mist  and  bordered  on  each  side  by  the  dark  and  fissured  bed  of  the 
present  river.  If  the  present  rate  of  recession  of  the  apex  continues 
for  a  hundred  years  the  International  Railway  Co.'s  power  plant 
would  probably  oe  left  high  and  dry  and  the  Canadian  Niagara  would 
be  in  serious  difficulties.  In  four  or  five  centuries  the  first  cascade 
would  be  reached  and  the  drying  up  of  the  American  Falls  would 
commence,  two  of  the  power  houses  would  be  shut  down  and  all 
the  others  would  be  affected.  Once  the  first  cascade  is  crossed  the 
formation  of  the  rocks  and  chaimels  is  such  that  the  lowering  of  the 
Chippewa-Grass  Island  Pool  will  be  very  rapid. 

Iliese  evils  may  seem  a  long  time  in  the  future,  but  it  must  be  re- 
membered that  they  are  based  on  a  recession  of  the  apex  at  the  present 
rate  of  6  feet  per  annum.  The  rate  has  been  increasing  for  the  past 
40  years,  and  tnere  is  reason  to  believe  that  it  will  continue  to  increase 
as  the  flow  becomes  more  and  more  concentrated.  The  recession  has 
already  done  serious  scenic  damage  at  the  Canadian  end,  also  at  Ter- 
rapin jPoint,  and  within  a  generation  it  may  be  expected  that  the 
visible  dama^  at  the  latter  point  will  be  very  great  indeed. 

The  recession  of  the  American  Falls  is  a  matter  of  very  secondary 
importance  and  no  new  survey  of  the  American  crest  fine  was  at- 
tempted for  this  investigation.  The  conclusions  to  be  shown  from 
the  best  data  available  are  well  summarized  in  the  following  extract 
from  the  United  States  Geological  Survey's  Niagara  Folio,  page  23 : 

RECESSION  OF  TH1£  AMKBICAN  FATXH. 

MoRt  of  the  surveys  of  the  Falls  hnve  inchided  a  cleteriult^ptioti  of  thp  crest 
luie  of  the  American  Falls,  but  in  the  survey  of  1911  (by  the  UuiteU  States  Geo- 
logical Survey)  that  determination  was  omitted,  and  the  survey  by  the  United 
States  Lake  Survey  in  1906  is  therefore  the  latest  of  that  fall.  Attempts  nave 
been  made  to  compute  its  rate  of  recession,  hut  with  one  exception  the  differences 
between  the  successive  crest  lines  are  so  sliRht  that  it  seems  doubtful  whether 
they  are  greater  than  the  probable  range  of  error.  Indeed,  the  map  on  which 
the  several  lines  are  plotted  seems  to  indicate  errors  of  that  majoiitude  in  cer- 
tain places  where  a  later  line  projects  farther  out  than  au  earlier  one.  Hiill's 
map  of  1842  shows  a  great  salient  at  the  north  side  of  the  American  Falls  that 
projects  about  100  feet  beyond  the  line  shown  by  all  the  later  surveys.  Here, 
again,  Mr.  Gilbert  made  effective  use  of  a  camera  lucla  sketch  which  Basil 
Hall  made  of  this  fall  in  1827,  and  showed  conclusively  that  the  large  salient 
shown  on  Hairs  map  is  an  error. 

Using  the  crest  line  of  Hall's  map,  Spencer  calculated  the  rate  of  recession 
to  be  0.6  foot  a  year.  After  making  the  correction  on  Hall's  map,  Gilbert  cal- 
culated that  the  rate  was  probably  as  small  as  0.2  foot  a  year.  But  even  that 
rate  may  be  much  too  large.  The  deepest  water  passing  over  the  Anieiican 
Falls  is  only  3.5  feet  deep,  and  the  average  is  less  than  1.5  feet. 
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The  crest  line  is  nearly  1«000  feet  long,  and  is  an  almost  even  continiuition 
of  the  cliff  line  on  either  side  of  it.  In  fact,  the  deepest  water  on  this  tBll 
passes  over  the  ledge  near  Prospect  Point,  a  part  of  which  protrudes  slightly 
beyond  the  general  cliff  line.  The  fall  is  nearly  168  feet  high,  but  the  water 
strikes  upon  great  blocks  and  bowlders  which  rest,  in  part,  upon  limestone 
ledges  of  the  Clinton  formation.  The  blocks  are  simply  the  coarser  materia  la 
of  the  talus.  In  all  the  time  that  it  has  existed— probably  600  to  800  years — 
the  fall  has  not  been  able  to  remove  the  blocks  or  to  make  a  measurable  begin- 
ning of  a  gorge.  It  has  removed  the  fine  material  of  the  talus  and  has  prob- 
ably steepened  the  base  of  the  cliff  somewhat,  bat  has  done  little  more;  In 
short,  it  is  doubtful  whether  the  crest  line  of  the  American  Falls  has  receded 
more  than  may  be  fairly  ascribed  to  normal  cliff  recessi<Mi  due  to  weathering. 
If  the  slight  reentrant  in  the  central  part  of  the  crest  line  is  due  to  recession 
produced  by  the  fall,  it  must  be  a  very  old  feature,  for  the  water  sheet  is  now 
thinner  there  than  north  of  it.  Moreover,  the  crest  lines,  as  mapped  by  tti^  sev- 
eral surveys,  are  more  nearly  in  agreement  in  this  reentrant  tban  in  most  other 
places,  and  the  reentrant  is  no  greater  than  many  otliers  along  the  cliff  where 
no  side  fall  ever  existed. 

It  would  appear  from  this  that  the  American  Falls  shares  none  of 
the  suicidal  tendencies  of  its  larger  neighbor  and,  as  far  as  the  oper- 
ation of  natural  forces  goes,  it  is  destined  to  remain  in  practically 
its  present  condition  for  halt  a  thousand  years  or  so,  when  its  waters 
will  be  drained  away  by  the  encroachment  of  the  receding  Horse- 
shoe Falls  upon  the  waters  of  the  Chippawa-Grass  Island  Pool. 
The  utmost  change  that  it  might  experience  would  be  the  loss  of  the 
Luna  Falls,  due  to  the  recession  of  the  Main  Falls  beyond  the  head 
of  Luna  Island,  and  this  might  not  have  occurred  in  the  time  al- 
lowed. 

Effect  of  present  diversion. — ^The  various  power  companies  at  Ni- 
agara are  now  diverting  approximately  50,000  cubic  feet  per  second 
around  the  Falls  and  into  the  Maid-of-the-Mist  PooL  In  addition, 
the  New  York  State  Barge  Canal,  the  Welland  Canal,  and  the  Chi- 
cago Drainage  Canal  are  taking  some  12,000  or  13,000  cubic  feet  per 
second  which  would  otherwise  flow  over  the  FaUs  and  through  the 
gorge.  In  the  near  future,  when  the  New  Welland  Canal  is  put  in 
operation  and  the  plants  now  under  construction  at  the  Falls  are  fin- 
ished, the  total  diversion  affecting  the  Falls  will  be  very  nearly 
70,000  cubic  feet  per  second.  Has  the  existing  diversion  of  62,000 
from  the  Falls  and  12,000  from  the  gorge  done  real  and  perceptible 
injury  to  the  scenic  beauty  of  the  FaUs  and  rapids?  This  question 
of  the  amount  of  damage  that  has  resulted  from  existing  diversions 
has  been  the  center  of  much  controversy,  often  generating  more  heat 
than  light.  It  is  worth  while,  thereiore,  to  analyze  the  problem 
which  it  presents  and  expose  some  of  the  fallacies  that  have  often 
been  repeated. 

The  real  crux  of  the  difficulty  lies  in  the  fact  that  increase  in  di- 
version has  been  gradual  and  continuous,  and  the  change  in  the  ap- 
pearance of  the  Falls  has  been  correspondingly  so. .  At  the  same 
time^  large  oscillating  changes  in  the  appearance  are  continually  oc- 
currmg,  due  to  the  varying  stage  of  Lake  Erie.  Attempts  to  esti- 
mate the  change  by  personal  observation  are  therefore  of  little  value. 
Even  if  the  uninformed  observer  can  make  a  successful  mental  com- 
parison between  what  he  sees  to-day  and  his  memory  of  what  he  saw 
30  years  ago,  he  is  quite  unable  to  tell  how  much  of  the  change  is  the 
effect  of  diversions  and  how  much  is  due  to  a  difference  in  the  stage 
of  Lake  Erie. 
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It  frequently  happens  that  some  distinguished  man  whose  pro- 
nouncements l>ear  weight  with  the  public  visits  Niagara  and  after- 
wards tells  the  reporters  that  he  is  certain  that  the  Falls  are  to-day 
as  great  and  glonous  a  spectacle  as  ever;  he  is  distinctly  impressed 
with  the  fact  that  they  have  not  been  diminished  a  particle  smce  he 
first  saw  them  when  on  his  honeymoon  in  1889.  Or  his  statement 
may  be  that  the  vandalism  of  the  power  companies  is  ruining  the 
Falls;  he  recalls  clearly  that  in  his  boyhood  days  they  were  incom- 
parably finer  than  at  present.  For  the  reasons  given  aoove  these  im- 
pressions are  of  no  value  whatever,  nevertheless  they  are  often  seized 
upon  and  given  wide  publicity  by  those  whose  side  in  the  contro- 
versy they  favor. 

The  error  which  fluctuations  in  staee  introduce  into  individual 
judgment  of  the  scenic  changes  caused  oy  the  diversions  tends  to  be 
usually  in  one  direction ;  the  change  of  stage  diminishes  the  effect  of 
the  diversion  more  often  than  it  exaggerates  it.  Diversion  on  a  large 
scale  began  in  1895 ;  the  years  immediately  preceding  this  date  are 
naturally  selected  as  a  basis  of  comparison  with  present  conditions. 
Unfortunately  the  years  from  1890  to  1895  are  notable  for  having 
been  years  ox  very  low  water  on  all  the  lakes.  The  mean  stage  of 
Lake  jBrie  for  the  year  1895  itself  is  the  lowest  recorded  in  60  years. 
On  the  contrary,  during  the  period  from  1913  to  1918  the  stage  of 
Lake  Erie  has  been  unusually  high,  the  year  1913  being  the  highest 
recorded  since  1890.  These  nigh  and  low  stages  were  due  to  various 
meteorological  and  other  conditionis  entirely  independent  of  any- 
thing occurring  at  Niagara  Falls.  As  a  result  of  these  conditions  a 
comparison  ox  the  appearance  of  the  Falls  before  and  after  the  di- 
yersions  took  place  is  very  likely  to  be  a  c<»nparison  of  the  Falls  with 
almost  no  diversion  and  a  low  stage  of  Lake  Erie  against  the  Falls 
with  large  diversions  and  a  high  stage  of  the  lake.  The  effect  of 
the  higher  stage  is  the  opposite  of  the  effect  of  the  larger  diversion 
and  tends  to  conceal  the  latter. 

Despite  the  difficulties  it  is  quite  possible  to  obtain  ample  and  de- 
cisive evidence  of  the  effect  of  diversions  upon  the  beauty  of  the 
FaUs.  The  very  changes  in  stage  which  deprive  ordinary  observa« 
tions  of  their  value  can  be  made  the  instrument  of  a  very  exact  solu- 
tion of  the  problem.  The  effect  of  changing  the  flow  over  the  Falls 
by  50,000  cubic  feet  per  second  is  much  the  same  whether  this  change 
was  due  to  the  operation  of  power  companies  or  to  the  oscillations  of 
Lake  Erie.  If  a  man  should  view  the  Falls  daily  for  two  or  three 
years,  taking  special  note  of  conditions  during  heavy  gales,  he  would 
see  that  the  appearance  varied  widely  from  time  to  time.  The  high- 
est stages  that  he  saw  would  represent  very  fairly  what  conditions 
would  De  on  average  days  if  there  had  been  no  diversions  and  the 
difference  between  what  he  saw  on  average  days  and  what  he  saw  on 
the  days  of  highest  stage  would  be  a  pretty  good  measure  of  the 
effect  of  the  diversion  upon  the  scenic  beauty  of  the  Falls.  Similarly, 
the  difference  in  appearance  on  average  days  and  on  days  of  ex- 
tremely low  water  would  give  him  a  measure  of  the  same  thing  at 
lower  stages. 

By  substituting  the  lens  of  the  photographic  camera  for  the  eye 
of  a  human  observer  we  are  able  to  present  a  graphic  and  indisput- 
able record  of  the  facts.  It  is  to  be  regretted  that  during  the  period 
of  six  weeks  during  which  the  photographer  was  prepared  to  take 
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these  pictures,  no  very  low  stage  occurred  in  weather  which  permit- 
ted photographs  to  be  taken.  However,  a  fairly  satisfactory  series 
at  high  and  medium  stages  was  obtainedL  These  pictures  are  shown 
on  photographs  Nos.  74  to  127  and  have  already  been  described. 
Each  picture  showing  the  Falls  or  rapids  above  the  Falls  is  marked 
with  the  approximate  flow  of  water  over  the  Falls  in  cubic  feet  per 
second.  In  these  the  effect  of  certain  changes  in  discharge  can  be 
directly  observed  and  the  effect  of  other  changes  can  be  easily  esti- 
mated. 

In  the  American  and  Canadian  Bapids  above  the  Falls  the  pictures 
show  the  effects  of  a  change  of  85,000  cubic  feet  per  second.  These 
are  noticeable,  although  not  of  great  importance.  The  present  di- 
versions, of  course,  have  an  effect  about  three-quarters  as  great  as 
this. 

At  the  American  Falls  photographs  Nos.  83  and  84  show  the  effect 
of  a  change  of  65,000  approximately  equal  to  the  present  total  di- 
versions, on  the  view  from  the  Canadian  side.  Photographs  Nos.  88 
and  89  show  views  from  Goat  Island  with  a  difference  of  90,000. 
The  better  photographic  conditions  in  the  low-stage  pictures  tend  to 
obscure  the  result,  but  a  careful  study  will  show  real  differences  in 
favor  of  the  high  stage,  particularly  the  greater  depth  of  water  and 
smoother  curve  over  the  crest. 

The  effect  on  the  Horseshoe  Falls  is  the  most  striking.  This  falls 
is  shown  from  five  different  viewpoints  in  photographs  Nos.  91  to 
104,  and  in  each  the  superiority  of  the  pictures  with  the  larger 
flows  is  incontestable.  Nos.  98  and  99  show  excellently  the  effect  on 
the  Goat  Island  end  of  the  Horseshoe  of  a  reduction  ot  65,000.  This 
is  a  real  measure  of  the  results  of  the  present  diversions  on  this  end 
of  the  falls.  In  the  face  of  these  photographs  any  contention  that 
the  beauty  of  the  cataract  has  not  been  seriously  affected  becomes 
supremely  ridiculous.  Photographs  Nos.  100  and  101,  103  and  104, 
especially  the  latter  pair,  show  the  result  of  slightly  greater  changes 
at  the  same  place  but  taken  from  other  viewpoints.  Bear  in  mind 
that  an  effect  equal  to  three-quarters  of  the  difference  between  103 
and  104  has  already  taken  place.  Nos.  96  and  96  show  the  Canadian 
end  of  the  Horseshoe  with  a  flow  of  165,000  and  225,000,  respectively, 
a  difference  of  60,000  cubic  feet  per  second.  Again  the  proof  of  real 
damage  already  done  is  incontestable.  No.  95  was  taken  at  3.20 
p.  m.  November  7,  1917.  If  no  water  had  ever  been  diverted  from 
the  Niagara  River  a  picture  taken  on  that  day  and  hour  would  have 
been  hardly  distinguishable  from  photograph  No.  96.  These  bare 
ledges  of  unsightly  rock  would  have  been  covered  with  a  flood  of 
rushing  water  and  the  thin  and  broken  streams  trickling  over  the 
edge  of  the  cliff  would  have  given  place  to  a  leaping  cataract  but 
little  inferior  to  that  shown  in  photograph  No.  96. 

In  the  Maid-of-the-Mist  Pool,  the  Gorge,  and  the  Whirlpool  the 
present  diversion  is  only  12,000  cubic  feet  per  second.  A  number  of 
the  photographs  show  the  result  of  such  diversions.  On  the  whole 
the  rapids  make  a  finer  showing  with  this  water  diverted  than  they 
did  before.    The  difference,  however,  is  very  slight. 

To  sum  up,  the  present  diversions  have  done  a  slight  amount  of 
damage  to  the  rapids  above  the  falls  and  a  somewhat  greater  amount 
to  the  American  Falls.    Both  ends  of  the  Horseshoe  Falls  have  been 
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seriously  injured  and  this  injury  will  be  increased  by  any  further 
diversions.  The  diversions  have  had  very  little  effect  on  the  lower 
river  and  this  mostly  of  a  favorable  nature.  The  damage  that  has 
been  done  should  be  repaired  if  possible  and  no  further  diversions 
should  be  permitted  unless  steps  are  taken  to  neutraliase  the  damage 
that  they  will  do. 

Proposed  remedied  measures, — It  has  been  shown  that  the  scenic 
beauty  of  Niagara  Falls  has  been  appreciably  damaged  both  by  the 
recent  recession  of  the  apex  of  the  Horseshoe  Falls  and  by  the  di- 
version of  water  for  power  and  for  other  purposes.  The  recession 
of  the  apex  is  progressing  at  an  increasing  rate  and  further  power 
diversions  are  urgently  desired  and  would  be  of  grent  value  to  this 
country  and  to  Canada.  On  the  other  hand  the  destructions  or  serious 
impairment  of  the  beauty  of  this  famous  cataract  will  not  be  tol- 
erated by  the  people  of  the  United  States  and  would  provoke  the 
expostulations  of  the  whole  civilized  world.  Under  these  conditions 
the  (question  naturally  arises,  can  not  something  be  done  which  will 
repair  the  damage  already  done,  prevent  the  self-destruction  of  the 
Horseshoe,  and  allow  increased  diversions  without  noticeable  damage? 

Such  a  possibility  was  seen  as  long  ago  as  1906  and  was  pointed 
out  in  a  report  to  the  Chief  of  Engineers  in  1908,  as  follows : 

♦  ♦  *  the  daniapre  already  done,  and  that  which  may  be  anticipated  from 
further  diversions  *  ♦  *,  may  be  larjcely,  If  not  entirely  remedied  by  a  sub- 
merged dam  placed  Jn  the  be<l  of  the  river  immediately  above  the  Horseshoe 
Falls.  The  diam,  if  properly  plamied,  would  serve  to  change  the  direction  of 
flow,  so  as  to  increase  the  streams  that  feed  the  faUs  at  Terrapin  Point  and  at 
the  Canadian  shore.  The  decrease  in  the  mighty  volume  that  overflows  the 
center  or  apex  of  the  Horseshoe  would  not  be  noticeable.  ♦  •  ♦  A  very  direct 
result  of  the  construction  of  this  submerged  dam  would  be  a  dimunitlon  in  the 
rate  of  recession  of  the  apex  of  the  Horseshoe.  This  in  itself  is  extremely  de- 
sirable.   (S.  Doc.  No.  105,  62d  Cong.  1st  sess.  p.  15.) 

The  underlying  principle  of  the  design  of  such  works  is  pointed 
out  by  the  fact  that  while  the  American  Falls  carries  but  one-six- 
teenth of  the  flow  over  the  Falls,  it  probably  furnishes  one-half  of 
the  spectacle.  The  American  Falls  is  easily  approached  from  either 
end  and  from  below  and  a  fine  view  of  its  full  face  is  obtained  fiom 
the  opposite  side  of  the  Gorge.  On  the  other  hand,  the  approachable 
ends  of  the  Horseshoe  are  greatly  inferior  to  the  American  Falls, 
while  the  great  fall  of  water  into  the  notch  can  not  be  observed  from 
any  point.  As  matters  now  stand,  there  flows  over  the  central  600 
feet  of  the  Horseshoe  Falls  a  volume  of  approximately  80,000  cubic 
feet  per  second,  which  not  only  is  entirely  wasted  in  that  it  creates 
neither  scenery  nor  power  but  which  is  actually  a  detriment  in  that 
it  is  the  cause  of  the  destructive  erosion  described  above. 

Photographs  Nos.  72  and  73  are  pictures  taken  with  the  intent  of 
showing  the  whole  Falls  at  their  nest.  Note  in  each  instance  the 
marked  superioritv  of  the  American  Falls.  The  cloud  of  mist  which 
shuts  out  so  much  of  the  Horseshoe  is  a  feature  which  is  always 
present. 

The  average  flow  over  the  American  Falls  is  about  9  cubic  feet  per 
second  over  each  linear  foot  of  crest.  This  produces  a  waterfall 
whose  beauty  and  grandeur  is  admittedly  unsurpassed.  Over  the 
Horseshoe  the  average  flow  per  foot  is  about  57  cubic  feet  per  second 
over  each  linear  foot  of  crest,  or  more  than  six  times  as  much  as  the 
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2.  The  ice-sluicing  powers  of  the  cataract  must  be  preserved  when 
the  total  river  flow  is  reduced  to  a  daily  mean  of  130,000  cubic  feet 
per  second. 

3.  Rare  and  brief  reductions  of  flow  may  occur  down  to  as  little  as 
100,000  cubic  feet  per  second.  These  will  last  but  a  few  hours  and 
need  not  be  much  regarded.  If  they  should  threaten  to  cause  any 
serious  trouble,  it  should  be  possible  to  shut  off  part  of  the  power 
diversion  for  a  few  hours. 

Perrrmsihle  diversions. — The  minimum  requirement  for  ice  sluic- 
ing adopted  above  was  45,000  cubic  feet  per  second  for  the  Horseshoe 
Falls  and  4,500  for  the  American,  a  total,  in  round  numbers,  of 
50^000  cubic  feet  per  second;  130,OOK)  cubic  leet  per  second  has  been 
adopted  as  the  lowest  probable  daily  mean  flow  for  which  full  ice- 
sluicing  capacity  must  oe  maintained.  The  difference  between  these 
two  quantities,  or  80,000  cubic  feet  per  second,  is  the  amount  which 
may  be  diverted.  Permits  for  diverting  water  in  excess  of  that  now 
being  used  should  contain  a  clause  authorizing  the  Government's 
representatives  at  the  Falls  to  order  an  immediate  reduction  of  load 
by  70  per  cent  for  a  period  not  to  exceed  six  consecutive  hours  when- 
ever the  condition  of  the  river  makes  it  advisable,  but  not  oftener 
than  four  times  per  year.  Such  a  clause,  if  the  powers  it  confers  be 
intelligently  handled,  would  prevent  any  trouble  from  temporary 
extreme  low  water.  It  probably  would  not  be  necessary  to  use  these 
powers  except  at  intervals  of  several  years. 

It  must  be  thoroughly  understood  that  the  allowing  of  any  such 
diversion  as  80,000  cm)ic  feet  per  second  is  absolutely  contingent  upon 
the  construction  of  remedial  works. 

Use  of  extra  water  available  at  hdgher  staffes.^^li  remedial  works 
are  constructed  and  80,000  cubic  feet  per  second  are  diverted  the  ap- 
pearance of  the  Falls  wiU  be  satisfactory  on  the  days  of  minimum 
now ;  that  is,  days  when  the  mean  flow  of  the  river  is  130,000  cubic 
feet  per  second.  The  gauge  records  show  that  on  997  days  out  of 
every  1,000  the  mean  flow  exceeds  160,000  cubic  feet  per  second,  and 
days  when  the  flow  is  reduced  to  180,000  are  rare.  On  the  other 
hand,  flows  as  great  as  280,000  or  240,000  cubic  feet  per  second  are 
not  uncommon,  and  flows  in  excess  of  300,000  have  been  recorded. 
After  the  remedial  works  are  built  and  the  80,000  cubic  feet  per  sec- 
ond diverted,  the  excess  of  river  flow  above  180,000  cubic  leet  per 
second  contributes  little  or  nothing  to  the  scenic  beauty  of  the  Falls 
while  it  adds  materially  to  the  destructive  erosion. 

In  view  of  these  facts  it  appears  that  further  diversion  for  power 
development  may  be  permissible  under  certain  limitations.  After 
the  full  amount  of  80,000  cubic  feet  per  second  has  been  used  and 
marketed,  if  careful  observation  indicates  that  no  harmful  reeults 
will  follow,  plants  might  be  installed  to  divert  the  excess  above 
180,000  cubic  feet  per  second  of  total  river  discharge.  These  plants 
would  be  subject  to  occasional  shutdowns  due  to  low  stage,  and  would 
have  to  be  provided  with  a  steam  station  to  serve  as  a  "stand-by," 
or  else  develop  industries  in  which  occasional  shutdowns  could  be 
tolerated.  These  are  handicaps  to  which  the  majority  of  existing 
hydraulic  plants  in  this  country  are  subject. 

Final  result. — ^When  these  diversions  have  been  made  and  the  re- 
medial works  constructed,  the  American  Rapids  and  Falls  will  be 
restored  to  a  condition  comparable  to  that  ox  1890,  or  even  a  little 
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1i9.— VIEW     FROM     SAME    VANTAGE     POINT    ON    GOAT    ISLAND. 


Photograph   No.   140.— MAP    OF    NIAGARA    FALLS,   N.  Y.,   IN    1853. 

Showing  proposed   Hydraulic  Canal. 
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better,  both  at  mean  stage  and  at  low  water.  The  upper  part  of  the 
Horseshoe  Kapids  will  be  considerably  damaged  by  the  exposure  of 
bare  spots,  especially  at  low  sta^.  It  is  quite  possible  that  the  layer 
of  these  might  be  transformed  mto  wooded  islands,  such  as  are  now 
an  attractive  feature  of  the  American  Rapids.  Also,  at  the  low  stage 
caused  by  these  diversions,  new  cascades  and  breakers  will  probably 
be  formed  at  points  where  the  water  is  now  fairly  smooth.  The 
lower  part  of  the  Horseshoe  Rapids  will  be  improved  by  having  a 
greater  depth  on  the  shoals  in  the  northwest  comer  and  above  Ter- 
rapin Point  and  by  the  creation  of  a  new  cascade  on  a  grand  scale 
at  the  site  of  the  submerged  dam. 

The  beauty  of  the  Horseshoe  Falls,  which  has  been  injured  by  the 
power  diversions  and  by  the  recession  of  the  Falls,  will  be  restored 
And  added  to  until  the  Falls  takes  on  an  aspect  far  more  grand  than 
it  has  ever  had  before.  At  mean  sta^e  its  discharge  wul  be  from 
40  to  45  cubic  feet  per  second  over  each  lineal,  foot  of  crest,  or  more 
than  five  times  as  much  as  the  American  Falls  now  has.  This  condi- 
tion will  obtain  along  the  whole  crest  of  the  Falls,  including  Terra- 
pin Point  and  the  Canadian  end.  Each  of  these  places  will  become 
a  new  and  glorified  ^'  Prospect  Point,"  with  a  great  cataract  leaping 
from  the  cliff  at  the  spectators'  very  feet,  but  with  five  times  the  in- 
tensity of  the  Falls  at  Prospect  Point.  The  long  salient  crest  line 
near  Terrapin  Point,  which  the  geologists  call  the  '^  Goat  Island 
Shelf,"  will  be  the  site  of  Falls  as  accessible  and  conspicuous  as  the 
American  Falls  and  five  times  as  voluminous,  while  the  now  invisible 
sides  of  the  notch  will  have  similar  falls,  and  they  will  be  visible 
much  of  the  time  because  the  mist  formation  will  be  greatly  reduced. 
The  suicidal  recession  of  the  Horseshoe  Falls  will  be  checked  and  re- 
duced to  perhaps  a  tenth  of  its  former  value. 

On  days  of  ordinary  low  flow  the  discharge  of  the  Horseshoe  Falls 
per  foot  of  crest  will  be  about  80  cubic  feet  per  second.  This  will 
^ve  the  ends  of  the  Falls  on  days  when  their  natural  appearance 
woiQd,  without  these  works,  be  much  worse  than  is  shown  on  pho- 
tographs Nos.  91,  95,  and  97,  an  intensity  of  flow  three  times  as 
great  as  the  American  Falls  usually  has. 

The  net  result  would  be  that  while  some  minor  damage  would  be 
done  to  the  Horseshoe  Rapids,  the  Falls,  taken  as  a  whole,  would  be 
vastly  improved,  the  suicidal  recession  of  the  Horseshoe  would  be 
^checked,  and  the  amount  of  valuable  electric  power  available  would 
be  greatly  increased. 

8.   REMEDIAL    WORKS. 

■ 

Introchiction. — The  rapids  above  the  Horseshoe  Falls  are  so  wide, 
their  volume  of  flow  is  so  large,  and  the  velocity  of  the  water  is  so 
^reat  that  at  first  glance  the  idea  of  building  a  dam  or  other  works 
m  the  middle  of  them  seems  impossible  and  absurd.  After  careful 
study,  however,  it  is  found  that  the  difficulties  are  not  as  great  as 
they  appear.  Over  a  very  large  part  of  their  area  the  rapids  are 
comparatively  shallow,  and  in  many  places  the  velocities  are  no 
<i^reater  than  those  with  which  the  builders  of  the  headworkers  of  the 
Ontario  Power  Co.  and  Toronto  Power  Co.  have  successfullv  con- 
trended. 
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In  1917  a  survey  of  these  rapids  was  made  in  connection  with  the 
present  investigation,  as  already  described  in  Section  D.  The  re- 
sults are  shown  in  plates  Nos.  19  and  22.  Plate  No.  19  shows  the 
directions  of  the  current  in  different  parts  of  the  rapids,  while  plate 
No.  20  shows  the  velocities.  Plate  No.  21  shows  the  depth  of  water 
at  the  time  of  the  survey  and  plate  No.  22  gives  the  elevations  of  the 
bottom  above  sea  level.  The  contours  on  this  plate  are  drawn  to  a 
vertical  interval  of  5  feet.  The  mean  discharge  of  the  Niagara  River 
on  the  days  of  the  survey  was  about  216,000  cubic  feet  per  second,  or 
about  5  per  cent  more  than  the  general  mean.  The  data  m  the  Ameri- 
can Kapids  and  east  of  Goat  Island  on  some  of  these  plates  is  taken 
from  the  work  of  the  United  States  Lake  Survey  in  1907  and  1908. 

As  to  the  accuracy  of  these  maps  it  may  be  said  that  plates  Nos.  19 
and  20  are  very  good.  Plate  No.  21  is  fair.  Plate  No.  22  is  by  no 
means  as  accurate  as  the  others.  The  elevations  shown  on  it  are 
based  upon  a  series  of  assumptions  as  to  the  probable  elevation  of 
the  water  surface  between  the  few  observed  points,  and  some  of  the 
assumptions  had  to  be  made  with  very  little  real  evidence  as  a  guide. 
As  plate  No.  19  shows,  there  are  four  areas  of  considerable  size 
through  which  no  floats  passed. 

These  drawings  are  ample  for  giving  a  general  idea  of  the  condi- 
tions involved  and  for  making  a  tentative  design  and  estimate  of 
proposed  works  for  spreading  the  water  from  the  center  to  the  sides 
of  tne  Horseshoe  Falls.  Berore  the  final  plans  are  made  the  power 
diversions  should  be  increased  to  the  full  amount  contemplated,  so 
as  to  reduce  the  depths  and  velocities  while  work  on  the  remedial 
works  is  in  progress.  While  the  diversion  is  being  increased  to  this 
point  automatic  water  gauges  should  be  maintained  at  the  six  points 
where  there  have  been  gauges  in  the  past,  and  possibly  in  one  or  two 
new  places.  When  the  diversion  is  complete  more  extensive  surveys 
should  be  made.  The  extremely  low  stage  which  will  then  exist  in 
the  rapids  will  enable  a  much  greater  denee  of  accuracy  to  be  ob- 
tained. From  the  results  of  this  survey  hydraulic  models  could  be 
made.  The  final  plans  based  on  the  gauge  data  and  later  survey 
should  be  carefully  tested  on  the  models  before  being  adopted. 

Conditions  governing  the  design, — ^A  study  of  the  maps  brought 
out  the  following  features,  all  of  which  have  had  a  considerable  in- 
fluence on  the  project  presented :  The  center  of  the  crest  lies  in  a  sort 
of  cup  into  which  the  rock  surface  dips  from  east^  west,  and  south. 
The  depth  of  this  hollow  was  not  determined  but  its  lowest  point  is 
well  below  elevation  500  and  probably  below  490.  The  ends  of  the 
crest  line  for  500  feet  on  the  Canadian  end  and  nearly  twice  as  far 
on  the  Goat  Island  end  are  higher,  with  elevations  ranging  from  500 
to  506.  Upstream  from  the  crest  at  the  Goat  Island  end  is  a  shoal 
with  depths  of  from  1  to  4  feet  extending  several  hundred  feet  from 
the  island.  At  the  Canadian  end  the  water  near  the  shore  is  deeper, 
but  at  a  distance  of  about  300  feet  from  shore  there  is  a  very  shallow 
spot,  much  of  which  is  uncovered  at  verv  low  stages. 

As  the  result  of  these  conditions  the  water  converges  into  the 
central  portion  of  the  crest  as  is  shown  very  clearly  in  plate  No.  19. 
To  show  the  distribution  of  velocities  and  other  hydraulic  conditions 
along  the  crest  line,  and  for  a  hundred  feet  upstream,  the  data  given 
on  plate  No.  23  was  assembled.  A  section  was  taken  across  the 
four  maps  from  Station  W  to  Station  D.    The  central  part  of  this 
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section  followed  the  curve  finally  adopted  for  the  center  line  of  the 
remedial  weir ;  the  ends  are  straight  lines.  This  section  was  divided 
into  11  panels  of  approximately  equal  width,  numbered  from  west 
to  east.  Through  the  panel  pomts  lines  were  drawn  parallel  to  the 
current  lines  of  plate  No.  19,  and  it  was  assumed  that  the  Quantity 
of  water  crossing  the  section  in  any  panel  continued  to  flow  between 
the  lines  from  the  ends  of  that  panel  until  it  reached  the  crest. 
In  this  way  the  distribution  of  flow  upon  the  crest  line  was  approxi- 
mately determined. 

The  bottom  and  water  surface  profiles  and  the  transverse  velocity 
curve  were  scaled  from  the  maps,  also  the  angle  that  the  current 
lines  made  with  the  section.  From  this  data  the  discharge  through 
each  panel  was  completed.  The  sum  of  the  11  panel  discharges  as 
thus  computed  is  167,800  cubic  feet  per  second.  Computing  the 
river  flow  from  the  mean  elevation  of  the  Buflfalo  gauge  and  sub- 
tracting the  estimated  diversions,  and  flow  over  the  American  Falls, 
gives  a  value  of  157,000  cubic  feet  per  second,  a  difference  of  only 
T  per  cent.  This  is  an  excellent  check  on  the  general  accuracy  of 
the  float  survey.  ^  ' 

The  panel  discharges  were  corrected  in  the  ratio  of  167,800  to 
157,000  and  then  divided  by  the  length  of  crest  line  that  each  one 
serves.  This  gives  the  discharge  per  foot  of  crest  at  different  points. 
As  plate  No.  23  shows,  more  tnan  half  of  the  total  flow  passes 
through  panels  7, 8,  and  9,  and  flows  over  the  falls  on  a  crest  line  only 
420  feet  long  or  one-sixth  of  the  total  crest  line. 

When  the  power  diversion  has  been  increased  to  80,000  cubic  feet 
per  second  and  the  proposed  remedial  works  are  finished  the  total 
flow  over  this  fall  will  be  reduced  from  157,000  to  115,000  and  will 
be  distributed  more  uniformly  over  the  crest,  the  ideal  being  a  uni- 
form flow  of  44  cubic  feet  per  second  over  each  foot  of  crest  line. 

In  designing  the  weir  it  must  be  kept  in  mind  that  part  of  this 
work  must  be  done  in  depths  as  great  at  12  or  14  feet  and  velocities 
as  hi^h  as  20  or  22  feet  per  second.  The  bottom  is  known  to  be 
very  irregular.  When  part  of  it  was  imwatered  by  the  Toronto 
Power  Co.'s  cofferdam  it  was  found  to  consist  of  solid  rock  carved 
by  the  water  into  great  blocks  separated  hj  cracks  often  a  food  wide 
and  several  feet  deep.  Under  the  existing  conditions  it  will  be 
difficult  to  do  much  to  level  the  bottom  under  any  proposed  con- 
struction and  the  design  should  be  such  that  very  litt^  prelimmary 
leveling  is  needed. 

Another  necessary  feature  of  the  design  is  introduced  by  the  un- 
certainty as  to  the  exact  height  to  which  the  weir  must  be  built  at 
different  points.  The  hydraulic  problem  involved  is  so  complex 
that  the  exact  height  required  to  produce  the  desired  effect  can  not 
be  computed.  An  approximate  estimate  can  be  made,  but  the 
height  nnally  adopted  must  be  determined  by  experiment. 

The  general  scheme  adopted  was  that  the  high  Canadian  end  of  the 
Falls  and  the  shoal  south  of  it  should  be  cut  down  by  excavation  in 
the  cofferdam ;  that  the  high  places  near  Terrapin  Point  and  to  the 
south  should  be  similarly  excavated  in  another  cofferdam;  that  a 
submerjged  weir^  curved  m  plan,  should  be  built  across  the  central 
part  oi  the  rapids  a  short  distance  upstream  from  the  '^  notch "  of 
the  Horseshoe  Falls ;  and  that  the  American  channel  should  be  given 
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a  flow  of  12,000  cubic  feet  per  second  by  means  of  a  submerged 
compensating  dike  extending  from  Goat  Island  to  Chippewa. 

Location. — ^As  stated  above,  the  final  location  of  the  weir  and  of 
the  excavations  at  the  ends  of  the  Falls  can  only  be  determined  after 
the  diversions  have  been  made,  and  the  result  of  new  surveys  and 
model  tests  have  been  studied.  The  recession  of  the  crest  line  may 
change  conditions  decidedly  between  now  and  the  time  when  work  is 
actually  started.  In  order  to  get  an  approximation  of  the  cost  of  the 
works,  however,  a  location  was  made  as  of  present  date.  A  small 
model  of  the  rapids  in  relief  was  constructed  from  data  on  plates  Nos. 
21  and  22  and  carefully  studied.  Two  perliminary  locations  were 
worked  up  in  considerable  detail  and  finally  rejected.  The  ideas 
finally  adopted  are  shown  on  plate  No.  26. 

The  center  line  of  the  weir  as  located  is  an  arc  of  a  circle  of  540-foot 
radius ;  the  length  is  1,380  feet.  'I'he  depths  and  velocities  now  exist- 
ing at  the  site  of  the  weir  are  shown  on  plate  No.  23,  where  the  weir 
covers  panels  3  to  9,  inclusive.  Several  points  had  an  influence  in  de- 
termining this  location.  Because  of  the  "  cupping  "  of  the  river  bottom 
around  the  apex  of  the  crest  the  structure  must  be  close  to  the  crest ; 
otherwise  after  the  water  has  been  spread  out  to  the  ends  it  would  be 
again  concentrated  in  the  center  by  the  slope  of  the  rock.  The  '^  cup- 
ping" also  has  weight  in  determining  the  adoption  of  the  curved, 
rather  than  the  straight  form.  The  curved  form  is  also  made  neces- 
sary by  the  requirement  that  the  ends  of  the  weir  shall  make  such  an 
angle  with  the  current  as  to  deflect  it  away  from,  not  toward,  the 
center.    iE3sthetically,  the  curved  plan  is  much  more  desirable. 

The  height  of  the  weir  at  various  points  can  not  be  computed  by 
hydraulic  formulsa,  as  the  problem  is  much  too  complex  for  analytical 
treatment  until  much  more  complete  data  are  available.  Before  con- 
struction starts  a  preliminary  profile  should  be  adopted,  based  on  ex- 
periments with  large  models. 

In  locating  the  end  excavation  the  first  thing  considered  was  the 
shoal  near  the  west  end  of  the  weir.  It  was  obvious  that  this  should  be 
removed  except  that  a  little  of  its  downstream  edge  might  be  left  to 
serve  as  an  extension  of  the  weir.  It  was  decided  to  excavate  the  area 
marked  "'  L  "  on  Plate  No.  26  down  to  elevation  510.  At  the  west  end 
of  the  crest  line  the  area  marked  "  GFKH  "  is  to  be  excavated,  the 
bottom  sloping  from  elevation  505  along  the  line  GH  to  501  at  K  and 
498  at  F.  This  would  serve  to  give  a  good  depth  of  water  at  the  ex- 
treme end  of  the  Falls  even  at  low  stages. 

At  the  east  end  it  was  determined  to  cut  two  channels  leading  from 
behind  the  weir  to  the  crest  line  along  the  "  Goat  Island  Shelf."  These 
are  marked  "  NMRO  "  and  "  OSTP  "  on  plate  No.  26.  The  strip  of 
rock  left  behind  them  will  form  a  sort  of  irregular  cascade  over 
which  some  water  may  flow  from  one  channel  to  the  other  at  high  and 
medium  stages.  Its  purpose  is  to  give  a  more  uniform  distribution 
of  flow  on  this  end  of  the  crest.  The  bottom  of  the  upper  channel 
slopes  from  elevation  507  at  OP  to  503  at  RQ  and  is  level  at  this  ele- 
vation between  there  and  the  crest.  The  bottom  of  the  lower  channel 
slopes  from  elevation  508  at  NO  to  506  at  M  and  603  at  R.  The  crest 
line  along  here  is  not  touched. 

Of  course,  these  channels  are  not  given  a  smooth  finish,  but  are  pur- 
posely left  rough  to  give  a  natural  appearance  to  the  rapids  flowing 
over  them.    Steps  and  other  obstructions  might  be  left  in  them. 
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It  would  be  desirable  if  the  channels  on  the  east  side  extended 
farther  south  at  their  upstream  end.  The  reason  that  they  are  not 
SO  shown  is  that  just  south  of  NO  the  swiftest  currents  in  the  whole 
rapids  are  found  and  it  was'  thought  undesirable  to  extend  the 
cofferdam  any  further  in  this  direction.  If  it  is  found  possible, 
without  undue  expense,  to  build  this  cofferdam  farther  south  than  the 
position  shown  on  the  map,  it  would  be  well  to  extend  these  channels. 

Plate  No.  27  shows  bottom  and  water  surface  profiles,  transverse 
velocity  curve  and  other  hydraulic  data  at  mean  stage  after  the  con- 
struction of  the  proposed  works.  The  section  is  from  Station  W  to 
the  weir,  along  the  weir,  and  then  to  Station  D.  This  is  the  same 
section  as  is  shown  in  plate  No.  23,  and  plates  Nos.  23  and  27  should 
be  compared  to  show  the  results  oi  the  proposed  works.  This  plate 
makes  no  pretensions  to  accuracy  but  is  based  on  the  best  data  and 
engineering  judgment  available.  The  required  height  of  the  weir  at 
each  point  and  the  height  to  which  the  water  will  rise  behind  it  can 
only  be  determined  by  trial.  The  high  point  in  the  water  surface 
profile  near  panel  8  is  due  to  the  very  high  velocity  which  will  still 
exist  upstream  from  this  point,  which,  being  checked  by  the  weir, 
raises  the  elevation  of  the  water  surface  according  to  the  well-known 
pitot  tube  law.  The  smaller  rise  in  panels  3  and  4  is  due  to  a  similar 
cause.  Of  course,  no  such  perfect  uniformity  of  flow  over  the  crest 
of  the  Falls  as  this  plate  shows  can  be  obtained.  The  data  on  the 
plate  gives  the  ideal  results  desired ;  in  practice  they  can  be  but  ap» 
proximately  realized. 

Work  m  the  American  Channel. — Before  the  power  diversions 
began  the  mean  flow  in  the  American  Channel  was  a  little  more  than 
11,000  cubic  feet  per  second.  The  present  diversions  have  reduced 
this  to  about  9, 
the  American 

feet  i)er  second,  and  this  all  diverted  above  the  first  cascade,  the  flow 
in  this  channel  will  be  reduced  to  but  little  more  than  4,000  cubic 
feet  per  second,  unless  some  remedy  be  provided.  With  a  mean 
flow  as  small  as  this,  the  appearance  of  the  Falls  would  be  very 
greatly  damaged,  at  mean  stage  and  at  low  stage  the  Falls  would  be 
nearly  dry. 

In  Section  G-3  of  this  report  is  outlined  a  plan  for  compensating 
the  levels  of  the  Niagara  River  for  the  lowering  caused  by  tne  power 
diversions  and  other  diversions  of  the  water  of  the  Great  Lrakes. 
This  plan  consists  of  dumping  the  excavated  rock  obtained  in  the 
construction  of  the  new  power  plants  in  such  a  way  that  it  will 
serve  as  a  submerged  weir  to  raise  the  level  of  the  Chippawa-Grass 
Island  Pool.  This  would  form  a  convenient  and  not  unduly  ex- 
pensive method  of  disposing  of  this  waste  rock  and  it  is  understood 
that  the  power  companies  are  ready  to  do  it  without  expense  to  the 
Government.  In  fact  two  companies  are  now  placing  spoil  in  the 
desired  location  and  considerable  compensating  effect  has  already 
been  obtained. 

The  dumping  of  a  sufficient  quantity  of  spoil  in  the  river  below 
the  line  from  Port  Day  to  Hog*  Island  will  restore  the  Chippawa- 
Grass  Island  Pool  to  the  elevation  which  it  had  before  diversion  of 
water  from  the  Great  Lakes  commenced.  The  spoil  should  be 
dumped  chiefly  in  the  deeper  parts  of  the  river  so  that  no  shoals 
will  be  formed  which  might  be  obstructions  to  the  free  passage  of 


jei/  per  secuiiu.      Aiie  uieseiit  aiversiuiis  nave  reuuceu 

3L000  with  a  very  sli^t  diminution  of  the  beauty  of 
Falls.    If  the  diversion  be  increased  to  80,000  cubic 
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ice  and  drift.  To  maintain  the  full  discharge  of  the  American 
Falls  no  rock  should  be  dumjjed  within  1,500  feet  of  Port  Day. 
From  the  northern  end  of  this  spoil  bank  a  similar  obstruction 
should  extend  westward  to  the  head  of  Goat  Island.  This  will  pre- 
vent tQO  much  water  sweeping  around  the  American  end  of  the  weir 
and  then  turning  south  into  the  Horseshoe  channel  again.  This 
part  of  the  work  lies  in  shallow  water  of  moderate  velocity,  where 
the  spoil  can  be  easily  placed  from  a  trestle  or  cableway.  For  the 
other  part,  in  deeper  water,  dumping  from  scows  is  now  being  em- 
ployed. 

The  exact  quantity  of  material  which  must  be  placed  to  produce 
the  effect  required  can  not  be  fibred  in  advance.  If  the  work  of 
depositing  it  proceeds  systematically  with  careful  comparison  of 
the  gages  at  buffalo,  Chippawa,  Port  I^^j,  and  Wing  Dam  the 
desired  condition  can  be  produced.  The  flow  over  the  American 
Falls  should  be  made  12,000  cubic  feet  per  second  at  mean  stage. 
This  is  slightly  greater  than  its  natural  flow  and  ensures  a  satisfac- 
tory si)ectacle  at  all  seasons  and  all  ordinary  stages. 

4.   AIIiOWABLE  DIVERSION  AROUND  THE  RAPIDS. 

Problem  somewhat  different  from,  that  in  Section  E-2, — ^The  ques- 
tion of  the  permissible  diversion  around  the  Whirlpool  Rapids  and 
Lower  Rapids  rests  on  a  somewhat  different  basis  than  the  question 
of  diversion  around  the  Falls.  The  photographs  give  no  informa- 
tion about  extreme  low  stages  and  there  is  nothing  to  afford  a  meas- 
ure of  the  quantity  required  for  ice  sluicing,  as  the  American  Falls 
did  in  the  other  problem.  All  the  available  records  of  soundings  and 
velocities  in  the  Gorge  have  been  collected,  compared,  and  carefully 
studied.  The  records  of  gauges  maintained  on  the  lower  river  by 
the  United  States  Lake  Survey  and  by  the  Hydraulic  Power  Co. 
were  studied  and  other  gauges  were  installed  and  maintained  during 
this  investigation.  Some  of  the  engineers  employed  had  been 
students  of  the  hydraulic  conditions  of  the  Niagara  ftiver  for  years, 
and  no  endeavor  was  spared  to  observe  the  rapids  under  unusual 
conditions  and  to  discuss  them  with  others  who  had  done  so. 

Limitina  conditions, — ^The  mean  and  extreme  conditions  to  be  pro- 
vided for  here  are  the  same  as  on  the  upper  river ;  that  is — 

1.  Scenic  beauty  must  be  protected  down  to  minimum  flows  of 
150,000  cubic  feet  per  secona. 

2.  Ice-sluicing  capacity  must  be  protected  down  to  130,000  cubic 
feet  per  second  of  daily  mean  flow,  and 

8.  Down  to  100,000  cubic  feet  per  second  for  temporary  extreme 
stages  of  only  a  few  hours'  duration. 

The  scenic  requirements  are  that  in  general  there  shall  be  no 
noticeably  shoal  spots  of  any  size.  A  few  isolated  bowlders  against 
which  the  waters  dash  are  not  objectionable.  The  volume  and 
velocity  of  the  stream  must  be  such  that  its  impact  upon  the  sub- 
merged rocks  breaks  it  up  into  spray,  breakers,  standing  waves,  and 
white  water.  A  moderate  reduction  of  flow  will  certainly  increase 
these  features,  as  they  are  now  noticeably  more  conspicuous  at  low 
stages  than  at  high. 

The  steeper  portions  of  the  rapids  seem  able  to  take  care  of  all 
their  ice  difficulties  with  little  trouble.    The  most  critical  point  is  at 
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the  head  of  the  Whirlpool  Rapids  near  the  railroad  bridges.    The 
annual  ice  bridge  that  torms  in  the  Maid-of-the-Mist  Pool  above  the 
upper  highway  bridge  sometimes  breaks    loose    and    comes    down 
stream  in  large  masses.    These  jam  into  the  narrowing  gorge  at  this 
point  and  the  river  must  be  left  with  sufficient  power  to  oreak  up 
these  masses  and  carry  them  down  into  the  rapids.    At  a  greatly 
reduced  stage  a  similar  condition  might  conceivaoly  arise  at  the  exit 
of  the  Whirlpool  or  at  the  head  of  Foster  Flats  but  it  is  believed 
that  the  foot  of  the  Maid-of-the-Mist  Pool  will  always  be  the  critical 
point.    Permits  should  be  so  worded  that  it  is  possible  to  stop  all 
diversions  for  a  short  time  to  prevent  the  formation  of  impending 
ice  jams.    In  1908  an  ice  jam  did  form  at  this  place  during  rather 
unusual  conditions.    The  rising  water  did  considerable  damage  at 
the  Ontario  Power  Co.'s  plant  because  their  building  was  not  de- 
signed for  such  a  high  stage  of  the  pool.    This  defect  has  since  been 
corrected  and  a  similar  rise  would  now  do  no  harm.     The  other 
power  houses  in  the  Gorge  were  not  seriously  damaged. 

AUowahle  diversion. — ^The  most  careful  consideration  of  all  the 
available  evidence  has  led  to  the  conclusion  that  40,000  cubic  feet  of 
water  per  second  may  be  diverted  around  the  rapids  at  all  times  except 
possibly  when  an  unusual  combination  of  extreme  low  stage  and  ex- 
treme cold  threatens  the  formation  of  a  dangerous  ice  jam.  Such  a 
diversion  will  leave  a  flow  of  167,000  cubic  feet  per  second  through  the 
rapids  at  mean  stage  and  it  is  expected  that  with  this  flow  the  scenic 
beauty  of  the  rapids  will  be  greater  than  at  the  present  daily  mean. 
At  ordinary  low  stage  the  flow  through  the  rapids  will  be  110,0()0,which 
is  sufficient  as  far  as  scenic  effects  are  concerned.  At  the  extreme 
low  stages  that  occur  for  but  a  few  hours  in  many  years  the  flow 
would  ^  reduced  to  90,000  cubic  feet  per  second ;  this  is  satisfactory 
as  a  minimum,  but  if  intense  cold  weather  should  occur  at  the  same 
time  it  might  be  desirable  to  reduce  the  diversion  for  a  few  hours. 

This  limit  of  40,000  cubic  feet  per  second  for  the  diversion  around 
the  rapids  is  not  necessarily  permanent.  After  plants  have  been 
operating  with  such  a  diversion  for  some  years  observation  may 
show  that  considerable  increase  in  the  diversion  is  allowable  and 
dedrable. 

Power  output  of  recom/nieiided  dwersions. — New  plants  designed 
on  modem  lines  ought  to  ^ve  an  output  of  at  least  29^  horsepower 
per  cubic  foot  per  second  if  using  diversions  around  the  Falls  and 
rapids  both,  and  about  21  horsepower  per  cubic  foot  per  second  if 
usmgf  diversions  around  the  Falls  only.  With  the  permissible  di- 
versions of  80,000  cubic  feet  per  second  around  the  Falls,  and  40,000 
around  the  rapids,  the  total  power  output  would  be  just  over 
2,000,000  horsepower  if  the  water  were  all  used  in  new  plants.  If 
the  present  plants  were  retained  the  total  output  would  be  about 
1,660,000  horsepower.  Plans  are  now  under  way  for  replacing  the 
inefficient  Niagara  Falls  Power  Co.  plant  and  station  2  of  the  Hy- 
draulic Power  Co.  As  the  demand  for  power  grows  and  it  becomes 
important  to  get  the  greatest  possible  output  from  every  drop  of 
water  diverted  it  is  reasonable  to  suppose  that  the  inefficient  plants 
on  the  Canadian  side  will  also  be  replaced  by  better  ones,  and  the 
output  of  2,000,000  horsepower  would  ultimately  be  obtained. 
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5.    DIVISION   OF  PROPOSED  DI\T:RSI0N*  AND  OF  COST  OF   REMEDIAL   WORKS. 

Division  of  diversion  allowed  under  present  treaty, — The  treaty 
between  the  United  States  and  Great  Britain,  signed  January  1, 190y, 
allows  the  diversion  of  the  waters  of  the  Niagara  River  above  the 
Falls  to  the  extent  of  20,000  cubic  feet  per  second  on  the  American 
side  and  36,000  cubic  feet  per  second  on  the  Canadian  side.  The  rea- 
sons which  led  tl^e  commissioners  to  decide  upon  these  particular 
limits  are  unfortunately  not  matters  of  record.  A  significant  clause 
in  the  treaty  states  that  it  is  the  desire  of  both  parties  to  limit  the 
diversion  of  water  from  the  Niagara  River  "  with  the  least  possible 
injury  to  investments  which  have  already  been  made  in  the  construc- 
tion of  power  plants."  As  a  matter  of  fact,  the  limits  set  by  the 
treaty  are  very  slightly  greater  than  the  total  rights  claimed  by  the 
companies  which  were  actually  diverting  water  at  the  time  when  the 
treaty  was  siened,  if  it  be  assumed  that  the  right  of  the  Niagara 
Falls  Power  Co.  to  double  its  present  plant  had  expired  from  nonuse. 

Considering  all  the  evidence  which  is  known  to  have  been  placed 
before  the  treaty  commissioners,  it  appears  probable  that  the  limits 
set  were  based  upon  the  projects  of  the  companies  which  were  then 
diverting  water  and  not  on  any  abstract  opinions  as  to  the  respective 
rights  of  the  two  coimtries.  As  the  object  of  the  treaty  was  to  pre- 
vent any  great  increase  of  the  diversions  without  doing  any  harm  to 
capital  already  invested,  this  method  of  dividing  the  diversion  was 
at  that  time  both  satisfactory  and  just.  The  present  question  of 
how  future  diversions  should  be  divided  between  the  two  countries 
rests  on  an  altogether  different  basis,  and  the  existing  treaty  there- 
fore can  hardly  be  said  to  form  a  precedent  for  determining  the 
manner  in  which  it  should  be  divided  between  the  two  countries. 

Conditions  affecting  the  division  of  the  proposed  diversions, — 
The  Niagara  River,  and  in  fact  the  whole  Great  Lakes  system  from 
Pigeon  Siver  to  St.  Regis,  forms  a  water  boundarv  separating  the 
United  States  and  Canada.  The  large  topographical  map  accom- 
panying this  report,  plates  Nos.  13  and  14,  shows  the  international 
boundary  line  from  Blickhorn  Island  to  Lewiston  as  it  was  located 
and  marked  by  the  International  Waterways  Commission.  It  is 
known  to  have  been  the  intention  of  the  framers  of  the  treaty  of 
Ghent,  which  laid  down  this  boundary  line,  to  divide  the  boundary 
rivers  between  the  two  countries  with  approximate  equality.  Of 
course,  the  men  who  framed  this  treaty  were  interested  in  the  di- 
vision of  the  water  surface  rather  than  of  the  flow.  In  general,  the 
boundary  line  divides  the  flow  between  the  two  countries  with  ap- 

?roximate  equality,  but  in  a  few  places  the  division  is  very  unequal, 
he  greatest  inequality  is  found  near  the  head  of  Fosters  Flats, 
where  more  than  80  per  cent  of  the  flow  is  on  the  United  States  side 
of  the  boundary,  and  at  the  crest  of  the  Falls,  where  only  about  6 
or  7  per  cent  of  the  flow  in  the  river  is  on  the  United  States  side. 

It  is  evident  that  the  diversion  can  not  fairly  be  divided  upon  the 
basis  of  the  division  of  the  flowing  water  by  the  boundary  line.  The 
water  is  to  be  diverted  around  a  reach  of  the  river  several  miles 
in  length.  The  diversion  can  only  be  divided  in  the  ratio  by  which 
the  boundary  divides  the  flow  of  the  stream  at  some  one  point,  but 
at  any  other  point  the  ratio  would  be  quite  different.  Moreover, 
at  the  crest  of  the  Falls  the  division  will  change  as  the  crest  recedes. 
It  is  quite  possible  that  after  20  or  30  years  the  apex  notch  should 
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again  be  on  the  American  side  of  the  boundary,  and  ultimately  the 
greater  part  of  the  flow  over  the  crest  line  might  be  on  the  American 
side. 

Another  possible  basis  for  the  division  is  found  in  the  ultimate 
source  of  the  water.  The  latest  studies  indicate  that  about  52  per 
cent  of  the  flow  is  derived  from  rainfall  on  the  American  side  of 
the  boundar]^  line  and  48  per  cent  from  rainfall  on  the  Canadian 
side.  On  this  basis  the  United  States  would  be  entitled  to  a  little 
more  than  half  of  the  proposed  diversion. 

It  is  not  believed  that  either  of  the  principles  outlined  above 
affords  a  just  and  e(|uitable  method  of  dividing  the  diversion  be- 
tween the  two  countries.  In  fact,  if  not  in  law,  the  Niagara  River 
is  owned  and  used  jointly  by  the  two  nations.  Each  has  by  treaty 
an  equal  right  of  navigation  on  both  sides  of  the  boundary.  Neither 
can  make  any  appreciable  change  in  its  part  of  the  river  without  caus- 
ing some  change,  either  favorable  or  adverse,  in  the  part  belonging  to 
its  neighbor.  If  either  country  should  attempt  to  exercise  its  "  right " 
to  take  half  the  water  of  the  river  or  all  the  water  on  its  side  of  the 
boundary  at  any  point,  it  would  inflict  irreparable  damage  on  the 
other  nation.  Finally,  the  two  countries  must  be  considered  to  be 
joint  trustees  and  custodians  of  the  natural  beauties  of  the  Falls  and 
rapids. 

For  these  reasons  it  would  appear  that  the  only  just  and  impartial 
method  of  dividing  the  proposed  diversions  is  to  award  half  of  each. 
giving  each  the  right  to  divert  20,000  cubic  feet  per  second  around 
the.  lower  rapids  and  40,000  cubic  feet  per  second  around  the  Falls. 
If  experience  shows  that  greater  diversions  are  permissible  at  either 
place,  these  should  also  be  divided  equally. 

Dividing  cost  of  works, — There  can  be  no  question  but  that  the 
cost  of  these  remedial  works  should  be  divided  equally  between  the 
two  countries.  The  benefits  are  received  by  both  sides.  The  preser- 
vation of  the  beauty  of  the  Falls  is  to  the  joint  benefit  of  both  sides 
and  can  not  be  divided.  If  the  diversions  are  divided  equally  the 
advantage  to  the  two  nations  will  depend  only  on  the  use  which 
each  makes  of  its  respective  share.  The  construction,  of  course, 
must  be  under  the  joint  supervision  of  both. 

Albert  B.  Jones, 
First  Lieutenant^  Engineers^  United  States  Army, 


Buffalo,  N.  Y.,  Man/ 19, 1920. 
From :  Albert  B.  Jones,  junior  engineer. 
To :  The  Division  Engineer  Lakes  Division,  Buffalo,  N.  Y. 
Subject :  Supplementary  report  on  preservation  of  scenic  beauty  of 

Niagara  Falls  and  of  the  rapids  of  Niagara  River. 

1.  In  my  report  on  Preservation  of  Scenic  Beauty  of  Niagara 
Falls  and  of  the  Eapids  of  Niagara  River,  submitted  August  30, 1919, 
were  numerous  photographs  showing  the  appearance  of  the  Falls  and 
rapids  under  various  conditions  of  high  and  low  water.  These  photo- 
graphs were  taken  by  Mr.  W.  S.  Richmond,  assistant  engineer,  in 
October,  November,  and  December,  1917.  It  was  the  original  inten- 
tion to  take  three  series  of  photographs  illustrating  conditions  at 
high,  mean,  and  low  stage  of  the  river.  Excellent  pictures  were 
obtained  at  high  and  at  mean  stage,  but  weather  conditions  were  such 
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that  no  extremely  low-stage  photogruphs  could  be  obtained,  and  the 
"  low-stage  "  series  differed  but  very  slightly  from  the  pictures  taken 
at  mean  stage. 

2.  In  the  spring  of  1920  an  extremely  low  stage  of  Lake  Erie  pre- 
vailed for  severd!  months,  and  during  the  third  week  of  April  a 
continuance  of  easterly  winds  reduced  the  flow  of  the  Niagara  Kiver 
to  an  extremely  small  amount,  smaller  than  had  been  ol^rved  for 
several  years.  On  April  22  it  was  possible  to  get  an  excellent  series 
of  low-water  conditions  at  the  Falls.  On  the  foUowinjr  day  a  west- 
erly gale  caused  a  decided  rise  in  stage,  and  it  has  not  since  been  pos- 
sible to  get  photographs  of*  low-wAter  conditions  in  the  Niagara 
Gorge. 

3.  The  earlier  pictures  are  published  as  photographs  Nos.  73  to 
104,  inclusive,  in  the  division  engineer's  report  on  Investigation  of 
Water  Diversion  From  the  Great  Lakes  and  Niagara  River,  Appen- 
dix C.  They  are  referred  to  hereafter  in  this  report  as  "  photographs 
of  the  old  series."  These  pictures  show  11  views  of  the  Falls  and  the 
rapids  above  the  Falls,  each  view  being  represented  by  from  one  to 
five  pictures  taken  at  different  stages.  The  amount  of  water  flowing 
over  the  Falls  in  these  pictures  is  as  follows : 

"  High  stage,"  220,000  to  250,000  cubic  feet  per  second. 

"  Mean  stage  "  160,000  to  165,000  cubic  feet  per  second.  ^ 

"  Low  stage,"  155,000  cubic  feet  per  second. 

In  the  series  taken  on  April  22, 1920,  it  was  possible  to  get  pictures 
of  nine  of  these  views.  Two  of  the  views — namely,  "  Canadian  Rap- 
ids from  Canadian  side,  looking  upstream,"  and  "  East  end  of  Can- 
adian Falls  from  the  Canadian  end,"  could  not  be  photographed  be- 
cause of  heavy  mist.  The  water  flowing  over  the  Falls  when  these 
pictures  were  taken  varied  from  125,0(X)  to  1^,000  cubic  feet  per 
second. 

4.  Photograph  No.  130  is  a  panorama  of  the  Falls  taken  from  "  Falls 
View,"  with  180,000  cubic  feet  per  second  flowing  in  the  river  and 
135,000  cubic  feet  per  second  flowing  over  the  Falls.  It  should  be 
compared  with  photograph  No.  73  oi  the  old  series,  which  shows  the 
river  slightly  above  mean  stage,  the  flow  over  the  Falls  being  166,000 
cubic  feet  per  second.  The  most  noticeable  differences  at  the  low 
stage  are  the  bowlder  shoals  and  isolated  bowlders  uncovered  near 
eacn  end  of  the  Horseshoe  Falls  and  in  the  Canadian  Rapids.  The 
bareness  of  the  rock  ledges  at  the  ends  of  the  Horseshoe  is  also 
shown,  but  this  is  more  clearly  illustrated  in  photographs  Nos.  6  to 
9.  It  is  apparent  that  even  at  this  very  low  stage  the  beauty  of  the 
American  Falls  is  but  little  affected,  especially  when  seen  from  this 
distant  viewpoint. 

5.  Photograph  No.  131  is  a  view  of  the  American  rapids  above  the 
Goat  Island  Bridge ;  river  discharge,  185,000  cubic  feet  per  second ; 
flow  over  Falls,  140,000  cubic  feet  per  second.  It  should  be  com- 
pared with  photographs  Nos.  74  to  y7  of  the  old  series.  The  com- 
parison is  somewhat  obscured  by  the  large  amount  of  ice  in  the  new 
picture,  but  it  is  fairly  apparent  that  even  this  very  great  reduction 
m  the  flow  over  the  Falls  does  very  little  damage  to  the  scenic  beauty 
of  these  rapids. 

6.  Photograph  No.  132  shows  the  Canadian  Rapids  as  seen  from  a 
point  on  Goat  Island  opposite  the  power  house  of  the  Toronto  Power 
Co.    The  river  flow  when  this  picture  was  taken  was  185,000  cubic 
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feet  per  second,  and  the  flow  over  the  Falls  was  185,000  cubic  feet 
per  second.  This  picture  should  be  compared  with  photographs 
Nos.  78  to  80  of  the  old  series.  The  bowlder  beach  in  the  foreground 
and  the  numerous  bowlders  and  small  shoals  in  the  middle  of  the 
rapids  are  the  principal  indications  of  the  low  water. 

7.  Photograph  No.  133  is  a  view  of  the  American  Falls  from  the  op- 
posite side  of  the  Gorge;  discharge  of  river,  185,000  cubic  feet  per 
second;  flow  over  Falls,  135,000  cubic  feet  per  second.  This  should 
be  compared  with  photographs  Nos.  82  to  86  of  the  old  series.  The 
beauty  of  these  Falls  has  been  somewhat,  though  not  greatly,  dimin- 
ished by  the  low  stage.  This  is  chiefly  noticeable  in  the  thinness  of 
the  water  curtain  at  the  right-hand  end  of  the  main  fall,  and  also 
just  to  the  left  of  the  "ice  mountain."  A  similar  but  lesser  effect 
was  visible  to  the  eye  at  the  left  end  of  the  Luna  Falls  or  "  Bridal 
Veil "  and  at  the  left  end  of  the  main  fall.  The  camera  failed  to  show 
this  distinctly  in  the  photograph.  A  comparison  of  photograph  No. 
4  with  photograph  No.  85  of  the  old  series  is  particularly  interest- 
ing. No.  85  was  taken  in  1906,  when  the  total  diversion  was  only 
about  15,000  cubic  feet  per  second.  No.  4  was  taken  in  1920,  when 
the  total  diversion  was  aoout  50,000.  The  total  river  flow  was  almost 
exactly  the  same  in  the  two  cases,  the  estimated  difference  being  less 
than  5,000  cubic  feet  per  second.  The  difference  between  the  two 
pictures,  therefore,  is  an  excellent  measure  of  the  effect  of  the  increase 
of  diversion  in  the  last  13J  years  upon  the  scenic  beauty  of  the 
American  Falls. 

8.  Photograph  No.  134  is  an  attempt  to  show  the  American  Falls 
from  Goat  Island,  A  heavy  shower  of  mist  was  falling  upon  the 
camera  and  the  picture  is  veiy  poor.  The  discharge  of  ttie  river  at 
this  time  was  175,000  cubic  reet  per  second,  and  the  flow  over  the 
Falls  was  125,000  cubic  feet  per  second.  This  picture  should  be 
compared  with  photographs  Nos.  87  to  90  of  the  old  series.  No.  90 
was  taken  in  1906  at  about  the  same  river  flow^ut  with  a  diversion 
of  onlv  about  15,000  cubic  feet  per  second,  unfortunately  it  was 
not  taken  from  exactly  the  same  spot.  As  far  as  this  very  inferior 
photograph  (No.  4)  indicates  anything  it  bears  out  the  conclusions 
expressed  in  paragraph  7. 

9.  Photograph  No.  135  is  a  panoramic  view  of  the  Horseshoe  Falls 
taken  from  the  head  of  the  Terrapin  Point  path  on  Ooat  Island; 
river  discharge,  185,000  cubic  feet  per  second;  flow  over  Falls, 
140,000  cubic  feet  per  second.  This  should  be  compared  with  photo- 
graphs Nos.  91  to  94  of  the  old  series.  The  ends  of  the  Horseshoe 
Falls  are  the  places  most  seriously  affected  by  low-river  stage  or  in- 
creased diversion,  and  the  effect  on  these  points  is  well  £own  in 
these  photographs.  In  the  foreground  the  "Goat  Island  Shelf" 
is  shown  nearly  unwatered  and  covered  with  unsightly  bowlders. 
The  flow  over  the  extreme  east  end  of  the  Falls  has  almost  vanished. 
Toward  the  Canadian  end  are  two  complete  breaks  in  the  water  cur- 
tain (directly  under  the  left  end  of  large  building  on  the  sky  line). 
These  discontinuities  are  not  noticeable  except  at  extremely  low 
stages.  The  uncovered  rock  ledge  at  the  Canadian  end  is  barely 
visible  through  the  mist,  but  is  shown  in  the  next  picture.  A  com- 
parison of  No.  6  with  No.  94  of  the  old  series,  taken  in  1906,  is  par- 
ticularly illustrative  of  the  effect  of  increased  divjersion  upon  the 
scenic  beauty  of  the  Horseshoe  Falls.    These  two  pictures  snow  the 
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river  at  exactly  the  same  stage,  but  in  the  old  photograph  the  total 
diversion  was  only  about  16,000  cubic  feet  per  second,  while  in 
the  new  one  it  is  about  65,000. 

10.  Photo^aph  No.  136  is  a  picture  of  the  Canadian  end  of  the 
Horseshoe  Falls ;  river  discharge,  180,000  cubic  feet  per  second ;  flow 
over  Falls,  135,000  cubic  feet  per  second.  It  should  be  compared  with 
photographs  Nos.  95  and  96  of  the  old  series.  The  contrast  with 
the  appearance  at  a  very  high  stage  as  shown  in  No.  96  is  especially 
striking.  The  white  patches  in  the  immediate  foregroimd  of  this 
picture  are  neither  ice  nor  water,  but  are  a  peculiar  effect  caused  by 
the  reflection  of  the  sky  on  the  wet  rocks. 

11.  Photograph  No.  137  shows  the  east  end  of  the  Horseshoe  Falls, 
as  seen  from  in  front  of  the  "  Refractory,"  on  the  Canadian  side.  The 
river  discharge  was  180,000  cubic  feet  per  second  and  the  flow  over 
the  Falls  was  135,000  cubic  feet  per  second.  This  picture  should  be 
compared  with  photographs  Nos.  97  to  99  of  the  old  series.  It  shows 
very  plainly  the  effect  of  diversion  or  low  stage  in  denuding  this  end 
of  the  Horseshoe. 

12.  Photograph  No.  138  is  another  view  of  the  east  end  of  the  Horse- 
shoe Falls  taken  from  the  edge  of  the  cliff  on  Goat  Island;  river 
discharge,  186,000  cubic  feet  per  second;  flow  over  Falls,  135,000 
cubic  feet  per  second.  It  should  be  compared  with  photographs  Nos. 
102  to  104  of  the  old  series.  This  illustrates  in  a  most  dramatic  man- 
ner the  effects  already  shown  in  photographs  Nos.  6  and  8. 

13.  The  nature  ana  causes  of  the  damage  to  the  scenic  beauty  of 
Niagara  Falls  shown  in  this  series  of  pnotographs  have  been  de- 
scribed and  explained  at  len^li  in  my  report  on  the  ^'  Preservation 
of  the  Scenic  Beauties  of  Niagara  Falls  and  of  the  Kapids  of  the 
Niagara  River,"  dated  August  30, 1919.  That  report  also  states  that 
these  evils  can  be  cured,  and  outlines  a  method  of  restoring  the 
original  beauty  of  the  famous  cataract,  while  allowing  a  much-needed 
increase  in  the  amount  of  water  used  for  power  development.  Noth- 
ing is  brought  out  by  these  photographs  tending  to  modify  any  of 
the  conclusions  of  that  report. 

14.  During  the  period  of  low  water  it  was  impracticable  to  obtain 
photographs  of  conditions  in  the  rapids  of  the  Niagara  Gorge. 
However,  in  the  late  afternoon  of  April  22  a  hasty  reconnoissance 
from  the  Falls  to  Lewiston  was  made  on  a  Gorge  Route  electric  car. 
The  effects  of  the  extreme  low  stage  upon  the  scenic  beauty  of  the 
rapids  was  carefully  obseiTed  by  comparing  the  appearance  of  the 
rapids  with  the  series  of  photographs  taken  in  1917.  In  some  places 
the  size  and  whiteness  of  breakers  were  reduced.  In  others  new 
breakers  and  white  water  appeared  where  comparatively  smooth 
roUers  existed  at  ordinary  stages.  In  many  places  no  considerable 
change  was  noticeable.  At  one  point,  just  below  Fosters  Flats,  large 
rocks  projected  above  the  water,  nearly  in  the  center  of  the  channel, 
where  no  indication  of  their  presence  was  shown  in  the  photographs. 
On  the  whole,  it  mav  be  said  that  the  scenic  beauty  of  these  rapids 
was  neither  materially  increased  or  decreased  when  the  river  flow 
was  reduced  to  about  175,000  cubic  feet  per  second.  Nothing  was 
observed  tending  to  modify  any  of  the  conclusions  expressed  m  the 
report  of  August  30, 1919. 

Albert  B.  Jones, 

Junior  Engineer. 


Appendix  D. 

PROPOSITIONS    FOR    UTILIZING    DIVERSIONS    WITH 

GREATER  ECONOMY. 


[Section  F  of  Mr.  Richmond's  report.] 
1.   GENERAL  STATEMENT. 

The  localities  where  diversions  of  water  from  the  Great  Lakes 
system  occur,  and  the  character  of  the  diversions,  have  been  de- 
scribed already  in  sections  A,  B,  and  C  of  this  report,  the  quantity 
of  water  diverted  being  stated  for  each  case.  These  descriptions 
show  that  many  of  the  diversions  are  not  used  as  efficiently  as  they 
might  be.  There  are  also  many  places  where  diversions  could  be 
used  very  efficiently  for  navigation,  sanitation,  or  power  purposes, 
but  where  no  water  is  now  diverted. 

The  total  amount  of  water  diverted  for  navigation  purposes  is 
insignificant  in  comparison  with  that  diverted  for  sanitary  uses  and 
power  development.  Any  possible  increase  in  the  efficiency  of  its  use 
for  navigation  would  result  in  a  totally  imperceptible  net  gain,  there- 
fore this  phase  of  the  subject  will  not  be  considered  further  in  this 
report. 

With  the  exception  of  the  diversions  of  the  Sanitary  District  of 
Chicago,  the  same  conditions  obtains  with  respect  to  diversions  for 
sanitary  uses.  In  every  other  case  of  a  diversion  for  sanitary  pur- 
poses the  water  is  returned  to  the  Great  Lakes  Basin  within  a  com- 
paratively short  distance  and  no  serious  injury  to  any  interests  re- 
sults. The  quantity  of  water  pumped  for  water  supply  by  the  Chi- 
cago city  waterworks  in  1918  averaged  1,050  cubic  feet  per  second, 
the  maximum  pumpage  at  any  time  being  1,315  cubic  feet  per 
second.  This  is  much  more  than  is  used  by  any  other  city  on  the 
Lakes.  Detroit  is  the  second  city  in  size  in  the  Great  Lakes  region, 
and  its  average  daily  pumpage  by  the  city  waterworks  is  220  cubic 
feet  per  second.  It  seems  unnecessary  to  consider  here  what  might 
be  done  to  increase  the  efficiency  of  these  diversions.  The  possibility 
of  increased  efficiency  in  the  use  for  sanitary  purposes  of  the  diver- 
sions of  the  Sanitary  District  of  Chicago  has  already  been  treated  in 
Section  B  of  this  report. 

In  the  matter  of  diversions  for  water  power  great  increase  in  effi- 
ciency is  possible.  The  diversion  of  the  Sanitary  District  of  Chicago 
could  be  made  to  yield  much  more  power  per  cubic  foot  per  second  than 
at  present.  This  has  already  been  discussed  in  Section  C.  At  Sault 
Ste.  Marie,  while  the  present  plants  are  not  particularly  efficient,  it 
appears  that  there  is  very  little  opportunity  for  increasing  the  effi- 
ciency economically.    Along  the  St.  Lawrence  River  there  are  several 
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places  where  considerable  amounts  of  power  could  be  obtained  by 
proper  development  without  serious  damage  to  navigation  or  riparian 
interests.  Small  developments  exist  at  most  of  these  localities,  but 
the  only  large-scale  development  along  that  portion  of  the  river 
bordering  United  States  territory  is  the  one  owned  by  the  Aluminum 
Co.  of  America  and  its  subsidiaries  at  Massena,  N.  Y.  This  is  de- 
scribed in  Section  C.  The  water  used  in  and  along  the  New  York 
State  Barge  Canal  and  the  Welland  Canal  could  probably  be  made 
to  yield  more  power  than  it  does  at  present.  At  Niagara  Falls  the 
greatest  apportunity  for  increasing  the  efficiency  of  the  use  of  diver- 
sions exists.  It  is  toward  this  opportunity  that  the  work  of  this  inves- 
tigation has  been  especially  directed.  The  remainder  of  Section  F 
will  be  devoted  to  the  present  and  prospective  power  development  at 
Niagara  Falls.  Reference  is  here  made  to  the  description  of  Niagara 
River  given  in  Section  A,  and  to  the  map  and  profile  on  plates  11, 
13,  and  14. 

The  total  head  available  at  Niagara  Falls  depends  on  the  location 
of  the  works  utilizing  it.  From  La  Salle  to  Lewiston  the  fall  is 
about  317^  feet  and  from  Port  Day  to  the  Devils  Hole  it  is  303  feet. 
Any  reasonably  efficient  scheme  must  lie  within  these  limits.  The 
most  economical  propositions  develop  about  313  feet.  The  Maid-of- 
the-Mist  Pool  below  the  Falls  offers  an  opportunity  to  divide  this 
head  into  two  stages.  The  upper  stage  affords  a  head  of  from  223J 
to  218^  feet,  the  lower  one  from  97  to  81^  feet.  The  above  figures 
are  taken  at  mean  sta^e. 

On  the  Canadian  side  three  companies  are  developing  the  upper 
stage.  One  is  fairly  efficient,  the  other  two  are  not.  In  addition, 
two  small  plants  use  a  small  amount  of  water  under  a  fraction  oi 
the  head.  Another  plant  to  utilize  the  full  head  is  now  under  con- 
struction. On  the  American  side  there  are  two  separate  develop- 
ments of  the  upper  stage.  One  is  very  inefficient,  not  altogether 
through  the  fault  of  those  responsible  for  the  development;  the 
other  IS  the  most  efficient  plant  of  all,  and  is  now  bein^  extended  to 
increase  its  capacity  considerably,  at  the  same  time  sli^tly  improv- 
ing  its  average  efficiency. 

With  the  Canadian  plants,  except  as  to  their  total  diversion  of 
water  and  exportation  of  electrical  energy,  the  United  States  has 
nothing  to  do.  A  general  description  of  them  has  been  given  pre- 
viously in  section  C  of  this  report.  On  the  United  States  side  the 
present  diversion  allowed  by  treaty  is  20,000  cubic  feet  per  second. 
Various  methods  of  using  this  water  will  be  considered  and  the  mat- 
ter of  using  any  greater  diversions  which  may  be  permitted  in  the 
future  will  be  taken  up. 

Since  the  inception  of  the  Hydraulic  Canal  project  some  76  years 
ago,  scores  of  propositions  for  the  development  of  Niagara  power 
on  a  large  scale  have  been  advanced.  Some  were  based  on  sound 
engineering  knowledge  and  a  broad  grasp  of  the  situation*  and 
others  were  freakish  and  grotesque  in  the  extreme.  Several  of  the 
best  schemes  have  been  worked  out  rather  completely  during  the 
course  of  this  investigation,  outline  plans  have  been  prepared,  and 
estimates  of  the  cost  and  the  power  output  have  been  made,  more 
than  20  other  projects  have  been  studied  in  more  or  less  detail.  The 
latter  are  mentioned  in  the  report  to  the  extent  that  their  impor- 
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tance  seemed  to  justify  in  each  case.  The  plans  and  estimates  were 
based  on  a  diversion  of  20,000  cubic  feet  of  water  per  second  and 
a  stage  of  water  surface  in  the  river  coincident  with  the  mean 
stage  for  the  51  years  ending  1910.  The  Niagara  River  profile 
compiled  by  the  United  States  Lake  Survey  in  1912  was  useci,  with 
corrections  to  the  lower  river  profile  obtained  in  1917.  (See  pi. 
No.  11.)  Distances,  elevations  of  the  ground  surface,  and  deptns 
of  water  in  the  river  were  obtained  chiefly  from  the  surveys  made 
for  this  investigation  and  from  Lake  Survey  manuscript  charts. 
The  published  charts  of  the  Lake  Survey  and  Geological  Survey 
and  other  maps  were  also  used.  Elevations  of  the  rock  surface 
were  derived  irom  rock  soundings  made  for  this  investigation  and 
from  those  made  by  the  Board  of  Engineers  on  Deep  Waterways. 

A  great  deal  of  time  was  spent  in  determining  the  proper  unit 
costs  to  be  used.  Manufacturers  of  hydraulic  and  electrical  ma- 
chinery submitted  estimates  of  the  cost  of  the  various  mechanical 
installations.  The  experience  of  engineers  of  various  power  com- 
panies, the  city  engineer  of  Niagara  Falls,  and  other  engineers  and 
contractors  accustomed  to  dredging,  excavating,  tunneling,  or  build- 
ing along  the  Niagara  frontier  was  drawn  upon.  A  detailed  analysis 
of  the  elements  entering  into  the  cost  of  various  operations  was 
made.  From  the  Federal  Employment  Agency  and  several  large 
employers  of  labor  data  as  to  rates  of  wages  were  secured.  Current 
prices  of  materials  and  equipment  were  obtained  from  various 
sources.  The  United  States  Railroad  Administration  gave  freight 
rates  for  transportation  of  machinery. 

The  proper  determination  of  costs  was  greatly  complicated  by  the 
rapid  and  almost  continuous  advance  in  price  during  the  past  few 
years  of  many  classes  of  commodities  and  of  labor.  Most  published 
engineering  cost  data  pertain  to  a  period  when  common  labor  was 
paid  15  cents  an  hour,  cement  cost  |l  to  $1.40  per  barrel,  and  steel 
shapes  cost  approximately  $1.76  per  hundred  pounds.  In  October, 
1918,  labor  was  scarce  at  50  cents  an  hour,  cement  cost  from  $2.50  to 
$3  per  barrel,  and  steel  shapes  cost  over  $4  per  hundred.  The  prices 
of  many  important  materials  fluctuate  violently  from  month  to 
month.  The  estimates  given  herein  are  based  on  conditions  as  of 
October,  1918.  Because  of  the  apparent  importance  of  speed  of 
development  most  of  the  construction  items  were  figured  on  a  basis 
of  three  8-hour  shifts  per  day.  The  unit  prices  are  the  prices  at 
which  it  is  assumed  contracts  would  be  let.  They  thus  include  con- 
tractors' profits,  liability  insurance,  and  expenses  of  organization 
and  administration.  To  these  have  been  added  10  per  cent  for  engi- 
neering, inspection,  accounting,  and  general  overhead  construction 
expenses,  and  15  per  cent  for  contingencies,  including  incomplete- 
ness of  the  design  on  which  estimates  are  based — damages,  omissions, 
losses,  labor  troubles,  delays,  and  other  unforeseen  and  unprevent- 
able  causes  of  extra  expense.  The  complete  estimates  include  cost 
of  real  estate  and  interest  during  construction,  but  do  not  include 
cost  of  promotion,  financing,  organizing,  buying  out  the  rights  of 
other  companies,  or  purchasing  and  installing  transformer  and  trans- 
mission equipment.  The  important  items  of  this  nature  are  treated 
in  Section  F  10. 

The  schedule  of  unit  prices  adopted  is  given  in  table  No.  28,  which 
is  self-explanatory  except  for  the  prices  on  tunnel  excavation.    The 
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smaller  tunnels  were  of  circular  cross  section.  The  larpjer  tunnels 
were  of  horseshoe  cross  section,  with  the  following  characteristics: 
Height  equal  to  horizontal  diameter  at  mid  height;  roof  arch  a  semi- 
circle of  radius  equal  to  semidiameter ;  sides  tangent  to  roof  arch 
and  of  radius  equal  to  twice  the  diameter,  or  four  times  the  radius 
of  roof  arch;  invert  of  radius  twice  the  diameter.  The  thickness 
of  lining  was  assumed  to  vary  with  the  net  diameter  according  to 
table  No.  29. 

Table  No.  28. — Schedule  of  unit  prices  adopted. 


Class  and  descrlptloii  of  work  and  materials. 


Earth  excavation: 

Small  jobs,  less  than  10,000  cubic  irards 

Small  lobs,  less  than  10,000  cubic  yards,  in  cofferdam 

Jobs  or  10,000  to  800,000  cubic  yards 

Jobs  of  10,000  to  300,000  cubic  yards,  in  cofferdam  . . . . 

Long  canals,  very  large  yardage,  Including  hardpan . . 

BackflU 

Rock  excavation: 

Small  Jobs,  less  than  10,000  cubic  yards 

Small  jobs,  less  than  10,000  cubic  yards,  in  cofferdam 

Jobs  of  10,000  to  800,000  cubic  yards 

Jobs  of  10,000  to  800,000  ciibieyards,  in -cofferdam  — 

Deep  wheiel  pits 

Shafts 


Unit. 


Cubic  yard. 

do..... 

do 

do 

do 

do 


Power-house  site,  below  cliff 

Power  canal  with  channeled  sides,  inchiding  channeling 

Ship  canal,  200  feet  wide,  channeled  sides,  including  channeling. 
Ship  canal,  300  feet  wide,  channeled  sides,  including  channeling. 
Ship  canal,  400  feet,  wide,  channeled  sides,  including  channeling. 
Lock  pits 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


Unit  price 
as  of  Octo- 
ber. 1018. 


Riprap. 
Dredguu: 

Hardpan  in  river do 

Rock  in  river do 

Rock  In  hydraulic  canal ' do 

Cofferdams,  timber,  rock  filled,  timber  sheeted  (D=:depth  of  water) |  linear  foot. 

Concrete: 

Minor  Jobs,  less  than  1 0,000  cubic  yards Cubic  yards . 


.do. 


.do. 


Power-house  substructure,  locks,  plain  walls,  and  linings,  10,000  yards 
or  more. 

Reinforced  arches,  columns,  beams,  1  per  cent  reinforoement 

Reinforced  concrete,  cost  of  reinforcement  not  included do 

Reinforcing  steel,  each  per  cent  per  cubic  yard  of  concrete do 

Road  pavement Squareyard. 

Tunnels:  i 

Cubic  yard. . 

....do 

....do 


Drift  at  top,  8  feet  wide,  9  feet  high,  usually  timbered 

Heading,  top,  down  to  level  6  feet  below  drift,  usually  timbered 

Bench,  not  timbered 

Concrete  lining do 

Steel: 

Iron  and  steel,  common  or  plain  shapes,  not  fabricated ;  Pound 

Racks,  penstocks,  frames,  etc.,  fabricated  and  erected ' do. 

Steel  castings do. 

Steel  forgings do 


Other  metals,  bronze 

Oak  fenders,  etc.,  fabricated  and  placed 

Gates,  including  settings,  mechanisms,  and  motors,  per  square  foot  of  full 

opening. 
Buildings: 

Power  houses,  complete  with  cranes,  ventilating  and  heating  equipment, 

lighting  installation,  and  elevators, 
n  ate  houses,  etc.,  with  cranes,  lighting,  heating,  and  ventilating  systems . . 
Bridges: 

(  lass  A,  country  roads,  clear  span  56  feet,  length  65  feet,  width  18  feet  — 
Class  B,  main  roads  and  city  streets,  span  56 feet,  length  65 feet,  width  27 

feet. 
Cla.ss  C,  main  roads  and  city  streets,  two  trollev  tracks,  length  65  feet, 
width  60  feet. 

Class  D,  single-track  railway,  clear  span  56  feet,  length  65  feet 

Class  E,  railway  with  two  or  more  tracks,  65  feet  long,  per  track 

Class  F,  electric  railway  with  two  tracks,  length  65  feet 

Swing,  bascule,  and  fixed  bridges  for  ship  canal,  not  given  in  detail 

Switchboards— switches,  switchboards,  busses,  connections  to  generators, 
and  mechanisms. 


....do 

M  feet  b.  m. 
Square  foot . 


t  •  •  «  vUV*  ■•••••• 

Bridge 

do 

do 


SI.  50 

2.00 

L25 

1.75 

.65 

.45 

3.75 
4.2S 
3.x 
3.30 
5.00 
12LO0 
3.90 
2.2S 
^00 
l.» 
L90 
2.3S 
1  00 

1.25 

&50 

35.00 

D«.40 

15.00 

12.00 
25.00 
15.00 

laoo 

3.00 

15.00 
ft.  00 
4.00 

14.00 

.07 
.10 
.12 
.20 

.80 

15a  00 

30.00 


15.  Ou 
12.00 

4,ooaoo 

8,00000 
35,000.00 
20,000.00 

i8,ooaoo 

18,000.00 


2.25 
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Table  No.  28 — Schedule  of  unit  pricen  adopted— Continued, 

Generating  umta. 

[Includes  turbines  from  penstock  connection  to  concrete  draft  tabe,  generator  on  same  vertical  shaft,  with 

Kingsbury  bearing  and  individual  exciter  and  governor.] 


Case. 


1 
5 
3 

4 
5 


Price  1 0.  b  factory. 

1 
Freight 

Head. 

Maxl. 

mum 

capacity. 

Revolu- 
tions per 
minute. 

Freight 

bnd 
erection 
per  unit. 

and 
erection 

horse- 

Per 
horse* 

Per 

power. 

unit. 

power. 

Horse- 

Feet. 

V&wer. 

90 

15^500 

125 

S16.00 

9248,000 

119,000 

$1.23 

90 

22;  000 

100 

15.50 

341,000 

26,000 

1.18 

216 

39,000  1 

150 

15.00 

586,000 

44,000 

1.13 

300 

22,000; 

2S0 

14.50 

319,000 

24,000 

1.09 

300 

39,000  ! 

1 

314 

14.10 

550,000 

41,000 

1.05 

Freiffht, 
erecOon, 

and 

switch 

gear  per 

horse* 

power. 


13.48 
3.43 
3.38 
8.34 
3.30 


Johnson  viilves. — Head,  100 :  cost  In  i>]ace,  $43,000.    Head,  200 ;  cost  in  place. 
$fv3.CP00.    Head,  800;  cost  In  placre,  $63,000. 

Table  No.  29. — Thickness  of  coftereie  lininff  in  tunnels. 


Net 
diameter 

Net 
thickness 

Average 

gross  ttttck- 

nessof 

lining. 

of  tunnel. 

ofUnJng. 

Fed. 

Feei. 

Feel. 

4 

1.38 

1.88 

8 

1.42 

1.92 

12 

1.40 

1.96 

15 

1.60 

2.00 

16 

1.51 

2.01 

20 

1.56 

2.06 

25 

1.68 

2.13 

30 

1.72 

2.23 

35 

1.83 

2.33 

40 

1.98 

2.48 

45 

2.20 

2.70 

50 

2.50 

3.00 

The  average  thickness  of  concrete  assumed  as  necessary  to  line  the 
OTerbreak  was  one-half  foot.  Excavation  yarda^  was  computed  to 
the  ayeraffe  oyerbreak  line.  It  was  assumea  that  in  each  case  a  drift 
9  feet  hi^  and  8  feet  wide  would  first  be  driven  on  the  center  line 
at  the  top  of  the  excavation,  this  work  to  cost  $15  per  cubic  yard,  in- 
cluding such  timbering  as  found  necessary.  The  drift  was  to  be 
followed  by  a  heading  completing  the  excavation  down  to  a  hori- 
zontal line,  15  feet  below  top  of  drift,  and  costing  $9  per  cubic  yard, 
including  any  necessary  timbering.  The  balance  of  the  excavation 
was  taken  as  bench  work  at  $4  per  cubic  yard.  Plain  concrete  lining 
was  assumed  at  $14  per  cubic  yard.  On  these  assumptions  the  costs 
of  tunnels  per  linear  foot  were  computed  to  be  as  given  in  Tabte 
No.  30. 
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Table  No.  30. — Estimated  cost  of  tunnels  per  linear  foot. 


Section. 


Circular.. 

Do... 

Do... 

Do... 

Do... 
Horseshoe 

Do... 


Net 
diameter. 

Cost. 

Fed. 

4 

$44 

8 

84 

12 

127 

16 

109 

20 

213 

15 

167 

20 

225 

Section. 


Horseshoe 

Do 

Do-... 
Do.... 
Do.... 
Do.... 


Net 

Cost. 

F^d. 

25 

293 

ao 

965 

35 

450 

40 

546 

45 

060 

50 

794 

Costs  for  intermediate  diameters  were  interpolated.  In  the  case 
of  tapering  sections  of  tunnel,  10  per  cent  was  added  to  tabulated  cost 
for  mean  diameter.  For  circular  tunnels  of  steep  slope,  when  more 
than  20  feet  in  diameter,  or  for  vertical  circular  risers  of  similar  size 
and  thickness  of  lining,  the  price  taken  was  150  per  cent  of  the  tabu* 
lated  cost  of  horseshoe  tunnels  of  equal  net  diameters. 

In  arriving  at  the  construction  costs  given  in  subsequent  parts  of 
this  section  it  was  necessary  in  each  case  to  assume  a  fixed  set  of 
conditions.  The  conditions  peculiar  to  each  case  are,  for  the  most 
part,  embodied  in  the  outline  designs,  which  define  in  a  general  way 
the  required  construction,  materials^  and  equipment,  the  nmdamental 
assumptions  common  to  all  the  projects,  in  addition  to  the  unit  costs 
and  tunnel  characteristics  already  explained,  are  as  follows:  (1)  That 
each  project  should  provide  for  the  utilization  of  20,000  cubic  feet 
of  water  per  second  in  approximately  the  most  economical  manner 
consistent  with  requirements  of  the  project.  (2)  That  economic  de- 
sign should  be  based  on  an  assumed  value  of  electric  energy  on  the 
bus  bars  of  $15  per  horsepower  supplied  continuously  for  one  year. 
In  this  connection  it  must  be  borne  in  mind  that  the  cost  factors 
omitted,  namely,  promotion,  financing,  organizing,  purchase  of 
rights,  and  purchasing  and  installing  transformer  and  transmission 
equipment,  would  add  considerably  to  this  figure,  making  the  cost  at 
any  customer's  premises  $16  to  $20  under  very  favorable  circum- 
stances. (3)  That  sufficient  funds  could  be  secured  at  an  interest 
rate  of  5^  per  cent  per  annum.  (4)  That  a  depreciation  allowance 
of  2^  per  cent  of  the  entire  construction  cost  to  date  would  be  set 
aside  annuallj'^  in  a  depreciation  reserve.  (5)  That  the  annual 
taxes  and  insurance  charges  against  the  productive  portion  of  the 
plant  would  be  2  per  cent  of  the  cost  of  such  productive  portions. 
(6)  That  the  assumed  prices  of  parcels  of  land  and  of  rights  of  way 
were  sufficient  to  cover  agents'  and  lawyers'  fees  and  costs  of  any 
necessary  condemnation  proceedings.  (7)  That  no  taxes  would  be 
assessed  against  incomplete  or  nonproductive  works,  and  any  taxes 
assessed  against  nonproductive  lands  would  be  charged  to  contingen- 
cies. (8)  That  machinery  installed  in  the  power  nouses  would  be 
of  sufficient  capacity  to  carry  full  load  in  each  power  house  with  one 
unit  shut  down,  the  generators  being  able  to  carry  full  turbine  load 
at  90  per  cent  power  factor.  (9)  That  the  over-all  efficiency  of 
turbine  and  generator  combined  would  be  86  per  cent,  including 
excitation  and  all  hydraulic  losses  from  lower  end  of  penstock  to 
tail- water  beyond  draft  tube.  (10)  That  construction  would  be 
rushed,  most  of  the  work  being  done  in  three  8-hour  shifts  per  day. 
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(11)   That  the  market  for  power  would  build  up  with  sufficient 
rapidity  to  absorb  all  the  power  as  soon  as  it  could  be  produced. 

In  the  hydraulic  computations  the  Kutter  formula  was  used,  the 
value  of  "  N  "  being  taken  at  0.013  for  tunnels  lined  with  concrete, 
0.028  for  canals  in  rock  with  channeled  sides  excavated  in  the  dry, 
and  0.050  for  the  Hydraulic  Canal  deepened  by  dredging. 

The  stated  power  outputs  of  the  various  plants  are  for  electric 
energy  at  the  bus  bars,  the  characteristics  being  12,000  volts,  3  phase, 
26  cycles  per  second.  Power  is  based  on  continuous  operation  of  the 
plant  in  good  condition  and  at  best  efficiency.  The  full  diversion  of 
20,000  cubic  feet  of  water  per  second  is  assumed  to  be  used  and  mean 
river  stage  to  prevail,  as  previously  stated.  The  fact  should  not  be 
ignored  that  the  extreme  range  of  river  stage  at  Port  Day  is  from 
about  559  to  about  566,  the  mean  being  562.  The  range  in  the  Maid 
of  the  Mist  Pool  is  about  four  times  as  great,  and  in  the  same  direc- 
tion. At  the  site  of  proposed  power  houses  in  the  lower  gorge  the 
fluctuation  is  about  two  and  one-half  times  what  it  is  at  Port  Day. 
All  elevations  given  in  this  report  are  in  feet  above  United  States 
standard  datum,  the  zero  of  which  refers  to  elevation  of  mean  tide 
at  New  York,  and  they  are  based  on  the  adjustment  of  this  datum 
made  in  1903. 

In  regard  to  the  schemes  which  have  been  worked  out  rather  com- 
pletely it  should  be  stated  that  the  intent  was  to  prepare  outline 
layouts  and  designs  in  sufficient  detail  to  give  in  each  case  a  definite 
basis  for  a  fair  estimate  of  the  construction  cost.  Great  pains  were 
taken  that  all  essential  major  details  should  be  in  accord  with  sound 
engineering  principles  and  should  be  thoroughly  practical.  Beyond 
this  it  was  not  intended  to  go.  The  plans  oescribed  and  illustrated 
are  not  final  designs.  All  minor  details  are  omitted.  The  outline 
designs  are  made  angular  to  simplify  computation  of  quantities. 
In  case  any  one  of  these  projects  should  be  adopted  it  would  be 
necessary  to  design  carefully  and  in  detail  each  essential  feature. 
What  seemed  to  oe  the  best  ideas  and  suggestions  from  whatever 
source  were  utilized.  Acknowledgments  in  entail  are  considered  out 
of  place  in  the  main  portion  of  such  a  report,  but  are  given  in  general 
terms  in  Appendix  K.  The  outline  drawings  are  best  designated 
as  sketches  and  are  intended  only  to  illustrate  the  main  features  of 
each  scheme  for  which  an  estimate  of  cost  was  prepared. 

In  determining  the  most  economical  size  of  tunnel,  canaL  or  other 
structure  of  prime  importance  the  principle  followed  was  that 
greatest  economy  was  secured  by  using  the  size  which  made  the  sum 
of  tlie  annual  fixed  charges  upon  it  and  the  annual  value  of  power 
lost  because  of  it  a  minimum.  Economical  sizes  were  not  determined 
with  great  exactness;  partly  because  it  was  believed  that  tunnels  and 
canals  at  Niagara  Falls  should  be  made  a  little  larger  than  present 
economy  demands,  both  to  provide  more  power,  even  if  at  a  slightly 
higher  rate,  and  to  anticipate  improvements  in  the  shorter  liveS 
generating  machinery;  partly  because  best  economy  was  dependent 
not  only  on  the  estimated  construction  costs  and  fixed  charges,  but 
also  on  the  assumed  selling  price  of  electrical  energy,  antf  partly 
because  preliminary  commitations  on  the-  estimates  had  in  some 
cases  progressed  beyond  tne  point  of  fixing  economical  sizes  before 
the  final  unit  prices  and  percentage  fixed  charges  had  been  adopted 
and  recomputation  was  deemed  an  unwarranted  refinement. 
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The  difFerential  surge  tanks  provided  in  several  of  the  estimates 
were  calculated  to  regulate  hydraulic  conditions  involved  in  starting 
up  one  unit  at  a  time  and  in  shutting  down  the  entire  plant  sud- 
denly. Provision  was  made  to  hold  all  the  water  in  the  t^nk  in  the 
second  case,  although  the  tank  might  be  somewhat  less  expensive  if 
designed  to  waste  a  portion  of  it. 

In  computing  time  of  completion  and  interest  during  construc- 
tion it  was  assumed  that  the  machinery  and  electrical  equipment  of 
one  unit  could  be  procured,  installed,  and  made  ready  for  operation 
in  one  year,  and  tlie  other  units  one  every  three  months  thereafter. 
This  assumption  'was  based  on  statements  made  by  manufacturers. 
Other  time  estimates  were  based  on  the  progress  made  on  similar 
jobs. 

The  estimates  which  follow  are  believed  to  form  a  satisfactory  and 
reliable  basis  for  comparing  the  cost  of  the  different  propositions 
considered.  The  actuiu  cost  of  any  future  plants  will  aepend  to  a 
very  large  extent  upon  the  future  prices  of  labor  and  materials, 
which  in  the  present  unsettled  state  of  affairs  can  not  be  forecast 
Had  the  state  of  the  science  and  art  of  hydroelectric  practice  been 
such  that  similar  plants  could  have  been  built  in  1908  the  cost  would 
have  been  only  about  40  per  cent  of  the  cost  in  1918.  To  predict 
whether  costs  will  continue  to  rise  or  will  tend  to  approximate  the 
old  values  is,  of  course,  impossible. 

2.   PRESENT  NIAGARA  FALLS  PLANTS. 

Early  history. — ^The  first  recorded  use  of  the  water  power  of  the 
Niagara  River  was  in  the  year  1725,  when  a  French  settler  is  said 
to  have  built  a  small  sawmill  on  the  edge  of  the  rapids  just  above 
the  Falls.  During  the  century  that  followed  various  similar  installa- 
tions were  made,  until,  in  1825,  three  gristmills,  two  sawmills,  and 
a  paper  mill  were  operating  on  Niagara  River  power.  These  were 
all  crude  affairs,  utihzing  but  a  few  feet  of  head  and  an  insignificant 
fraction  of  the  water  to  generate  the  power  required  to  satisfy  the 
modest  needs  of  a  frontier  village.  Mills  of  this  type  continued  to 
be  built  from  time  to  time  during  the  middle  years  oi  the  nineteenth 
century,  but  the  possibility  of  power  development  on  a  grander  scale 
was  early  realized  by  farseeing  men.  De  Witt  Clinton,  the  father 
of  the  Erie  Canal,  in  1810  wrote  in  his  journal  that  Niagara  Falls 
is  "  the  best  place  for  hydraulic  works  in  the  world."  In  1853  the 
construction  of  the  Hydraulic  Canal,  the  first  large-scale  project,  was 
commenced,  and  in  1872  the  first  mill  on  this  canal  began  to  operate. 
The  year  1879  marks  the  first  use  of  Niagara  power  to  generate 
electricity.  The  construction  of  the  first  large,  modem  electric  sta- 
tion was  begun  in  1890  and  was  completed  m  1895.  This  was  fol- 
lowed by  two  more  stations,  and  in  1914  the  American  power  plants 
reached  their  present  state  of  development.  Photograph  No.  139  is 
of  one  of  the  earlier  developments.  It  shows  in  the  upper  view  the 
paper  mill  on  Green  Islana  as  it  existed  in  1885,  and  in  the  lower 
view  the  appearance  of  the  same  site  after  restoration  of  the  natural 
scenery  by  tne  park  commission.  Photograph  No.  140  is  a  reproduc- 
tion of  an  old  map  of  Niagara  Falls,  showing  the  location  or  power 
developments  then  existing  and  the  proposed  location  of  the  Hydrau- 
lic Canal 
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History  of  the  Hydraulic  Power  Co, — ^The  earliest  supfrestion  of 
what  was  afterward  known  as  the  Hydraulic  Canal  seems  to  have 
come  from  Augustus  Porter  in  1842.  Five  years  later  he  and  Peter 
Emslie,  a  civil  engineer,  published  a  plan  for  such  a  work.  On  March 
22,  1853,  the  Niagara  Falls  Hydraulic  Co.  was  incorporated.  Its 
paid-up  capital  stock  was  $500,000,  which  it  was  authorized  to  in- 
crease to  $5,000,000.  Its  president  was  Caleb  S.  WoodhuU,  ex-mayor 
of  New  York  City,  but  Horace  H.  Day  soon  became  the  moving 
spirit  of  the  concern,  and  the  completion  of  the  canal  was  largely 
due  to  his  energy  and  persistence.  The  project  comprised  a  canal 
7()  feet  wide  and  10  feet  deep,  about  three-quarters  of  a  mile  long. 
The  canal  was  to  start  from  a  point  about  1  mile  above  the  Falls  and 
terminate  in  a  basin  near  the  edge  of  the  Gorge  about  half  a  mile 
below  the  Falls.  The  basin  was  to  be  about  half  a  mile  long,  and 
between  it  and  the  edge  of  the  cliff  were  the  mill  sites,  where  the 
water  was  to  be  used  under  moderate  heads  and  then  spilled  over 
the  cliff.  The  estimated  capacity  of  the  canal  was  2,436  cubic  feet 
per  second.  The  works  projected,  including  the  route  of  the  canal 
as  finally  constructed,  are  shown  on  photograph  No.  140. 

The  company  acquired  a  100- foot  right  of  way  for  the  canal  from 
the  Porter  family  and  about  80  acres  of  land  for  mill  sites.  The 
route  was  surveyed  by  E.  R.  Blackwell,  civil  engineer,  of  Buffalo,  and 
a  contract  for  the  excavation  was  let  to  Latham,  Gage  &  Hawes  for 
the  sxmi  of  $136,000.  Construction  began  on  April  20,  1853.  Water 
was  admitted  in  1856,  and  the  canal  was  considered  complete  in  1801. 
As  actually  constructed,  it  was  onlv  86  feet  wide  and  8  feet  deep. 
The  official  opening  of  the  canal  in  1857  was  the  occasion  of  a  popular 
celebration,  three  small  steamers  formally  opening  navigation  from 
the  upper  Niagara  River  to  Port  Day,  at  the  head  of  the  canal. 
There  the  enterprise  came  to  a  standstill.  During  the  next  16  years 
only  one  small  tenant  was  obtained  to  utilize  the  company's  power. 
This  was  a  small  flour  mill,  developing  150  horsepower  under  25  feet 
head,  which  was  built  in  1872  by  C.  B.  Gaskill.  It  is  now  owned  agd 
operated  by  the  Cataract  City  Milling  Co.  Lack  of  iharket  for  the 
power  bankrupted  the  company,  and  the  stockholders'  investment, 
about  $1,()00,0(K),  was  practically  a  total  loss. 

In  1877  Jacob  P'.  Schoellkopf,  of  Buffalo,  and  A.  M.  Chesbrough 
bought  the  rights  and  property  of  the  Niagara  Falls  Hvdraulic  Co. 
at  a  very  low  figure.  The  following  year  Schoellkop:^  bought  up 
Chesbrough's  interest  and  organized  the  Niagara  Falls  Hydraulic 
Power  Sc  Sf anuf acturing  Co.  with  a  capital  of  $10,000.  An  important 
part  of  the  consideration  that  Chesbrough  received  for  his  mterest 
was  a  mill  site  between  the  basin  and  the  cliff  and  the  right  to  draw 
from  the  basin  an  amount  of  water  "  equal  to  900  horsepower  under 


property.    1<  rom  this  gi 
Co.  derives  most  of  its  present  rights. 

Not  long  afterwards  the  Schoellkopf  interests  built  a  flour  mill, 
which  is  still  operating  and  is  known  as  the  Schoellkopf  &  Matthews 
Mill.  In  1880  a  paper  mill  leased  land  and  water  power,  and  from 
that  time  on  the  number  of  tenant  companies  and  the  amount  of 
power  developed  increased  rapidly.  The  first  water  wheel  had  been 
installed  under  a  26-foot  head,  but  as  the  design  of  wheels  improved 
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the  head  was  increased  to  a  maximum  of  nearly  100  feet,  and  in  some 
instances  the  tail  water  from  one  installation  was  collected  and  passed 
through  another  wheel. 

In  1881  the  Niagara  Falls  Hydraulic  Power  &  Manufacturing  Co. 
installed  electric  generators  in  what  came  to  be  called  its  Station 
No.  1,  and  sold  electric  power  to  various  manufacturers  and  to  the 
village.  This  marks  the  first  commercial  development  of  electric 
power  at  Niagara,  although  the  Falls  and  park  had  been  illuminated 
by  a  small  private  electric  plant  two  years  previously.  Station  1 
contained  three  units,  operating  under  a  head  of  75  feet,  and  develop- 
ing a  total  of  1,800  horsepower.  This  plant  was  later  leased  to  the 
Cliff  Paper  Co.  During  the  eighties  and  early  nineties  a  very  con- 
siderable industrial  district  was  built  up  in  the  vicinity  of  the  basin, 
consisting  chiefly  of  flour  mills,  paper  mills,  and  electroplating 
establishments. 

In  1892  the  enlargement  of  the  canal  to  a  width  of  70  feet  and  a 
depth  of  14  feet  was  commenced.  Meanwhile  the  rapid  development 
of  electrical  and  hydraulic  machinery  and  of  electrochemical  proc- 
esses and  the  example  set  by  the  immense  project  of  the  Niagara  Falls 
Power  Co.  led  the  company  to  undertake  the  generation  of  electricity 
on  a  larger  scale.  In  1895,  the  year  when  the  Niagara  Falls  Power 
Co.  first  began  to  generate  power,  the  Niagara  Falls  Hydraulic  Power 
&  Manufacturing  Co.  began  the  construction  of  a  new  power  house, 
known  as  Station  No.  2.  This  was  the  first  installation  on  the  canal 
which  was  designed  to  use  the  total  available  head.  It  was  built  at 
the  foot  of  the  cliff  and  received  its  water  by  penstocks  from  a  fore 
bay  connected  with  the  basin  by  two  flumes.  It  contained  16  turbines, 
with  a  total  rated  capacity  of  31,250  horsepower.  These  drove  31 
generators,  with  a  total  rated  capacity  of  22,980  kilowatts.  The  tur- 
bines were  owned  by  the  power  company,  but  most  of  the  generators 
were  the  property  of  the  JPittsburgh  Reduction  Co.,  which  purchased 
mechanical  power  from  the  water  power  company.  This  plant  first 
delivered  power  in  December,  1896,  and  was  completed  in  1901. 
Photograph  No.  141  is  of  the  fore  bay  and  photograph  No.  142  of  the 
power  station  of  this  development  while  under  construction.  As 
illustrating  one  of  the  diiOSculties  which  had  to  be  contended  with, 
photograph  No.  143  is  given,  showing  the  roof  of  Station  No.  2 
crushed  in  by  ice  falling  from  the  face  of  the  cliff.  One-third  of  the 
machinery  was  covered  with  ice  and  d6bris.  The  company  was  put  to 
considerable  expense,  both  to  repair  the  damage  and  also  to  build  a 
high  masonry  wall  for  retaining  the  ice. 

The  closing  years  of  the  nineteenth  and  the  opening  years  of  the 
succeeding  century  saw  a  vast  development  of  the  electrochemical 
industries  which  was,  in  no  small  measure,  inspired  by  the  large 
amounts  of  cheap  electric  power  available  at  Niagara  Falls.  These 
years  saw  the  invention  or  commercial  development  of  the  processes 
for  making  aluminum,  calcium  carbide,  carborundum,  artificial 
graphite,  and  other  products  which  before  had  been  either  unknown 
or  known  only  as  rare  and  expensive  curiosities.  These  new  indus- 
tries were  largely  dependent  upon  the  Niagara  electrical  develop- 
ments, and  the  demand  for  power  soon  outran  the  capacity  of  the 
plants.  In  1904  a  new  power  plant,  station  3,  was  begun,  together 
with  a  further  enlargement  of  the  canal.  Station  3  followed  the 
general  plan  of  station  2,  but  had  larger  and  more  efficient  machines, 
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and,  in  general,  embodied  the  most  recent  advances  of  hydraulic  and 
electric  engineering.  Its  13  turbines  had  a  rated  capacity  of  130,000 
horsepower.  The  first  unit  in  this  plant  be^an  to  operate  in  Septem- 
ber, 1907,  and  the  thirteenth,  or  last,  unit  in  August,  1914.  In  the 
meantime  the  company  had  changed  its  name  to  "  Hydraulic  Power 

The  Burton  Act,  approved  June  29,  1906,  and  the  permit  subse- 
quently issued  by  the  Secretary  of  War,  limited  the  amount  of  water 
tne  company  could  divert  from  Niagara  River  to  6,500  cubic  feet  per 
second.  As  a  given  amount  of  water  would  develop  much  more 
power  in  the  new  electric  stations  than  in  the  low-head  developments 
of  the  tenant  companies,  the  latter  were  gradually  induced  to  ex- 
change their  old  water-power  rights  or  leases  for  supnlies  of  electric 
power.  At  present  there  is  only  one  company,  the  Fettebone-Cata- 
ract  Paper  Co.,  which,  together  with  its  subsidiary,  the  Cataract  City 
Milling  Co.,  retains  the  right  and  continues  to  use  water  from  the 
basin  under  a  comparatively  low  head.  The  history  and  plant  of 
this  company  will  be  described  later. 

Present  plant  of  Hydraulic  Power  Go, — On  plate  No.  28  is  a  map 
showing  the  location  of  the  hydraulic  canal  and  basin,  the  two  power 
plants  of  the  company,  and  their  relation  to  the  Falls.  The  entrance 
of  the  canal  at  Port  I)ay  is  about  200  feet  wide.  This  is  diminished 
in  the  first  400  feet  to  a  width  of  100  feet  at  the  Buffalo  Avenue 
Bridge,  which  width  is  maintained  to  the  basin.  The  depth  in  the 
tapering  section  varies  from  12  to  16  feet.  The  company  is  now 
engaged  in  deepening  it.  In  the  river  outside  of  the  entrance  are 
various  piers  designed  as  anchora^s  for  wooden  booms  whose  pur- 
pose is  to  prevent  the  entrance  of  ice  into  the  canal.  The  company 
is  now  replacing  these  by  more  e^ensive  structures  of  the  same  kind 
and  is  dredging  a  deeper  channel  from  the  canal  entrance  out  into 
deep  water.  The  depth  of  the  canal  itself  varies  considerably,  the 
mean  being  about  16  feet  at  ordinary  stages.  The  canal  was  cut 
through  a  hard  limestone  formation,  the  so-called  Lockport  dolomite. 
Its  sides  and  bottom  are  very  rough  and  uneven  as  a  result  of  suc- 
cessive enlargements  which  have  b^n  accomplished  by  drilling,  blast- 
ing, and  dredging  under  water.  Hydraulic  measurements  by  the 
Lake  Survey  in  1914  showed  a  value  of  "  Kuttfer's  N  "  of  about  0.050. 
The  length  of  the  canal  is  about  4,700  feet. 

The  basin  at  the  lower  end  of  the  canal  runs  parallel  to  the  cliff, 
spreading  out  in  both  directions  from  the  line  of  the  canal.  It  is 
about  70  feet  wide  and  800  feet  long.  On  plate  No.  29  are  shown  the 
basin,  its  connections,  and  the  power  houses.  From  the  south  end  of 
the  basin  two  covered  flumes  about  170  feet  apart  and  270  feet  long 
carry  the  water  for  station  2  to  a  fore  bay  under  the  gate  house  near 
the  edge  of  the  cliff.  Near  the  center  of  the  basin  two  covered 
flnmes  carry  water  to  the  wheels  of  the  Pettebone-Cataract  Co.  and 
Cataract  City  Milling  Co.  From  the  north  end  of  the  basin  a  con- 
crete-lined canal  50  feet  wide  leads  under  the  road  and  railroad,  some 
300  feet,  to  the  fore  bay  of  station  3,  at  the  edge  of  the  bluff. 

Station  2  is  a  rectangular  building  at  the  foot  of  the  cliff  below  its 
fore  bay.  It  is  about  110  feet  wide  and  165  feet  long.  From  the 
racks  and  gates  at  the  fore  bay  the  water  is  led  over  the  edge  of  the 
cliff  and  then  vertically  down  to  the  power  house  in  two  steel  pen- 
stocks 11  feet  in  diameter.    The  8-foot  penstock  which  formerly  sup- 
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plied  four  wheels  in  the  north  end  of  the  power  house  has  been  re- 
moved. The  penstocks  run  horizontally  under  the  power  house  and 
terminate  near  its  western  wall,  where  they  are  supplied  with  air 
chambers  and  relief  valves.  Vertical  branches  from  the  penstocks 
rise  to  the  nine  turbines  on  the  floor  above,  five  of  which  are  fed  by 
one  penstock  and  four  by  the  other.  The  turbines  are  of  the  hori- 
zontal shaft  type  with  cylindrical  cases,  double  runners,  and  two 
draft  tubes.  They  range  in  rated  output  from  2,300  to  2,900  horse- 
power each,  with  the  total  of  23,600  horsepower. 

Each  turbine  drives  two  generators,  direct-connected,  one  on  each 
side.  ThesjB  are  direct-current  machines,  with  a  total  rated  capacity 
of  16,750  kilowatts.  They  are  connected  in  parallel  and  supply  cur- 
rent at  330  volts,  which  is  transmitted  to  the  top  of  the  cliff,  where 
it  is  used  in  plant  No.  2  of  the  Aluminum  Co.  of  America. 

The  60- foot  canal  from  the  north  end  of  the  basin  passes  first  under 
a  gatehouse,  southeast  of  the  railroad  track,  where  there  are  three 
large  gates  that  can  be  closed  for  unwatering  the  fore  bay.    Then, 

gassing  under  the  tracks,  it  makes  a  bend  of  about  70°  to  the  right 
>n  the  outside  of  this  curve  are  the  three  16- foot  gates  of  the  ice  run. 
A  steel  girder  across  the  canal  dips  several  feet  into  the  water  and 
diverts  floating  ice  and  trash  toward  the  ice  run.  The  canal  then 
enters  the  gatehouse,  where  it  forms  a  fore  bay  400  feet  long,  $0  feet 
wide  at  one  end  and  16  at  the  other,  and  22  feet  deep.  A  continuous  row 
of  racks  runs  along  the  west  side  of  the  fore  bay,  and  behind  them 
are  the  bell-mouthed  entrances  of  the  16  penstocks.  Each  penstock 
is  provided  with  gate,  air  vent,  by-pass,  and  drain.  Besides  housing 
the  fore  bay  and  its  appurtenances,  the  gatehouse  contains  a  machine 
shop,  a  small  transformer  station,  and  the  offices  of  the  company.  All 
the  buildings  are  of  a  rough-stone  masonry  that  harmonizes  with  the 
face  of  the  cliff  and  has  a  very  attractive  appearance.  A  great  wall 
of  the  same  masonry  hides  the  16  steel  penstocks  which  descend  the 
cliff  to  station  3.  Tnirteen  of  these  penstocks  are  9  feet  in  diameter, 
and  the  other  two,  serving  the  exciters,  are  6  feet  each.  Station  3  is 
a  masonry  building  100  teet  wide  and  nearly  600  feet  long,  divided 
by  a  longitudinal  partition  into  a  turbine  room  adjacent  to  the  cliff 
and  a  generator  room  toward  the  river. 

The  turbines.  buUt  by  I.  P.  Morris  &  Co.,  are  of  the  horizontal 
shaft  type,  witn  cast-iron  scroll  cases,  double  runners,  wicket  gates, 
double  draft  tubes,  and  bursting  plates.  There  are  18  turbines  of 
10,000  horsepower,  each  of  which  is  served  by  one  of  the  9*foot  pen- 
stocks. Together  they  total  130,000  mechanical  horsepower.  Each 
of  the  two  6-foot  penstocks  serves  a  1,000-horsepower  I.  P.  Morris 
turbine  similar  to  the  large  machines,  but  having  single,  unbalanced 
runners,  and  only  one  draft  tube  apiece.  They  are  used  to  drive  the 
exciters. 

The  draft  tubes  discharge  into  tailrace  passages  18  feet  wide  and 
68  feet  long,  which  run  transversely  under  the  power  house,  each 
race  having  a  weir  at  its  outer  end  over  which  the  water  from  the 
turbine  is  discharged  into  the  river,  and  by  means  of  which  the 
water  surface  in  the  tailrace  is  held  sufficiently  high  to  seal  the  draft 
tube.  The  weirs  and  turbine  settings  were  constructed  at  such  an 
elevation  as  to  leave  about  3^  feet  of  the  total  available  head  unde- 
veloped under  average  conditions. 
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The  turbines  are  numbered  successively  from  1  to  15,  beginning  at 
the  south  end.  Nos.  1,  2,  4,  5,  6,  7,  9,  and  10  each  have  a  single  alter- 
nator on  the  shaft  in  the  generator  room.  These  are  Allis-Chalmers 
generators  of  the  Bullock  type,  with  internal  revolving  fields,  and 
they  operate  at  a  speed  of  300  revolutions  per  minute,  delivering 
3-pnase  current  at  26  cycles  and  12,000  volts.  Each  has  a  rated  ca- 
pacity of  8,500  kilovolt  amperes.  Turbine  No.  3  drives  one  250- volt, 
3.000-ampere,  direct-current  generator  at  450  revolutions  per  minute. 
Turbine  No.  8  drives  two  fairly  similar  machines.  These  three  gen- 
erators furnish  the  exciting  current  for  the  fields  of  the  alternators. 

Turbines  Nos.  11, 12, 13, 14,  and  15  each  drive  two  General  Electric 
Co.  direct-current  generators,  direct-connected  on  the  shaft.  These 
machines,  which  are  rated  at  3,500  kilowatts  each,  operate  at  about 
650  volts  and  300  revolutions  per  minute.  They  are  operated  in 
parallel. 

Along  a  gallery  behind  the  generators  are  the  gate-control  mecha- 
nisms and  governors.  On  the  opposite  side  of  the  generator  room  are 
two  galleries  carrying  the  switchboards,  control  desks,  and  station 
instruments.  The  equipment  on  one  gallery  pertains  to  the  alter- 
nating-current generators  and  exciters,  while  tnat  on  the  other  per- 
tains to  the  direct-current  generators.  The  oil-  switches,  reactors, 
instrument  transformers,  and  all  other  bulky  or  high-tension  acces- 
sories are  on  the  main  floor  or  in  the  basement.  Plate  No.  30  shows 
a  typical  cross-section  of  station  3. 

The  static  transformers  are  in  the  gatehouse  building.  These  are 
step-down  transformers,  as  all  transmission  is  either  at  generator 
voltage,  12,000,  or  at  a  lower  voltage.  Near  plant  No.  2  of  the 
Aluminum  Co.  is  a  substation  where  several  rotarv  converters  are 
operated.  These  are  fed  from  the  alternating-current  commercial 
lines,  and  produce  direct  current  for  use  in  near-by  factories.  The 
Aluminum  Go.  also  has  a  rotary  substation  near  its  plant  No.  3, 
where  some  of  the  alternating  current  is  converted  into  direct  cur- 
rent at  650  volts  for  use  in  that  plant. 

The  Hydraulic  Power  Co.  owned  no  electric  machinery  and  pro- 
duced no  electric  power.  It  owned  the  turbines  and  sold  mechanical 
power  to  the  Cliff  Electrical  Distributing  Co.  and  the  Aluminum 
Co.  of  America.  The  generators  in  station  2  belong  to  the  Aluminum 
(^o.  and  are  operated  by  them,  their  output  being  used  entirely  in 
Aluminum  plant  No.  2,  which  is  directly  above  the  power  house. 
In  like  manner  the  Aluminum  Co.  owns  and  operates  the  direct- 
current  equipment  in  station  3  and  uses  the  electric  power  at  the 
top  of  the  cliff  in  its  plant  No.  3.  The  alternating-current  machinery 
and  equipment  in  station  3  was  the  property  of  the  Cliff  Electrical 
Distributing  Co.,  which  transmitted  electrical  energy  and  sold  it  to 
many  industrial  concerns  in  and  near  the  city  of  Niagara  Falls.  The 
transmission  lines  of  this  company  were  almost  wholly  in  under- 
ground conduits,  and  the  most  distant  transmission  was  to  the 
Electro-Metallurgical  Co.,  about  3  miles. 

Station  2  was  designed  more  than  20  years  ago,  and  is  much  less 
efficient  than  a  modem  plant  would  be,  although  there  are  only  two 
stations  at  Niagara  Falls  which  produce  more  horsepower  per  cubic 
foot  of  water  diverted,  namely,  station  No.  3  of  the  Hydraulic 
Power  Co.  and  the  plant  of  the  Ontario  Power  Co.    The  turbines 
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and  the  alternating-current  machinery  in  station  3  are  very  much 
more  up  to  date.  While  a  plant  built  to-day  would  contain  units  of 
two  or  three  times  the  capacity,  these  would  be  only  a  very  small 
percentage  more  efficient  than  the  units  in  station  3.  The  direct- 
current  generators  in  station  3  are  among  the  largest  direct-current 
machines  every  built.  The  design  of  machines  of  such  large  capacity 
and  low  voltage  involves  many  difficult  problems.  Their  efficiency 
is  therefore  considerably  less  than  that  of  the  alternating-current 
machines.  The  use  of  large  direct-current  generators  will  probably 
be  avoided  in  any  future  developments. 

The  efficiencies  of  various  divisions  of  the  plant  were  obtained  in 
November,  1914,  by  an  elaborate  set  of  tests  conducted  under  direc- 
tion of  the  United  States  Lake  Survev.  Table  31  gives  the  re- 
sults, expressed  in  horsepower  developed  per  cubic  foot  per  second 
of  water  used,  and  also  as  a  percentage  of  the  total  horsepower  per 
cubic  foot  per  second  theoretically  represented  by  the  overall  head 
of  219  feet,  namely,  24.85  horsepower.  The  theoretical  horsepower 
per  cubic  foot  per  second  between  Lake  Erie  and  Lake  Ontario  at 
mean  stage  is  37.03,  the  head  being  326.85  feet. 

Tabus  No.  31. — Efficiency  of  hydraulic  plnni  of  Niagara  Falls  Pmccr  Co. 


Division  of  plant. 


Direct  current  station  2 

Direct  current  station  3 

Alternating  current  station  3 


Efflcicncy 

at  best 

load. 


Bonepower 

per  cable 

foot  per  seo- 

ond  at  best 

load. 


Per  ceJU. 
67 
75 
80 


14.2 
18.6 
19.9 


^  Photographs  Nos.  144  to  154,  inclusive,  are  presented  as  illustra- 
tive of  the  main  features  of  this  development,  either  under  construc- 
tion or  after  completion.   Explanations  are  given  under  each  picture. 

A  brief  history  of  the  diversions  of  water  from  Niagara  River, 
through  the  Hydraulic  Canal  from  the  time  the  Secretary  of  War 
be^an  supervismg  diversions  to  date  has  be>en  given  in  Section  C  of 
this  report,  and  need  not  be  repeated  here,  except  to  state  that  the 
present  diversion  varies  between  7,500  and  8,500  cubic  feet  per 
second,  and  that  it  is  expected  that  about  9,500  will  be  utilized  soon 
through  the  use  of  machinery  now  in  process  of  fabrication  and 
installation. 

On  October  31,  1918,  the  Hydraulic  Power  Co.  and  its  subsidiary, 
the  Cliff  Electrical  Distributing  Co.,  merged  with  the  old  Niagara 
Falls  Power  Co.,  forming  a  new  company  named  the  Niagara  Falls 
Power  Co.  This  merger,  unsuccessfully  attempted  previously,  was 
brought  about  largely  through  the  efforts  of  the  War  Department. 
At  the  time  of  the  merger  the  capital  stock  of  the  Hydraulic  Power 
Co.,  issued  and  outstanding,  was  $12,000,000,  and  the  outstanding 
bonded  indebtedness  was  $6,500,000.  The  Cliff  Electrical  Distribut- 
ing Co.  stock  amounted  to  $500,000,  and  the  outstanding  bonds 
amounted  to  $1,150,000.  The  new  company  is  authorized  by  the 
State  of  New  York  to  divert  from  above  the  falls  as  much  water  as 
the  Hydraulic  Power  Co.  and  Niagara  Falls  Power  Co.  together 
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were  permitted  to  divert  under  State  authority,  and  discharfje  the 
same  into  the  Maid  of  the  Mist  pool,  but  not  farther  down  stream 
than  1,000  feet  below  present  Station  No.  3  of  the  Hydraulic  Power 
Co. 

Pettebone-Cataract  Paper  Co. — The  Pettebone-Cataract  Paper  Co. 
is  the  only  other  company  that  still  retains  a  right  to  take  water 
from  the  Hydraulic  Canal.  It  has  succeeded  to  the  right  mentioned 
previously  to  draw  from  the  basin  an  amount  of  water  "equal  to 
900  horsepower,  under  a  head  of  50  feet."  This  was  a  perpetual 
right  granted  to  C.B.  Gaskill  "  and  to  his  heirs  and  assigns  forever." 
By  an  arbitration  in  1884  it  was  decided  that  the  amount  described 
in  the  deed  was  equivalent  to  189.2  cubic  feet  per  second.  In  addi- 
tion, this  company  has  leased  from  the  Hydraulic  Power  Co.  the 
right  to  a  small  additional  diversion.  The  quantity  now  supposedly 
used  by  the  Pettebone  Co.  is  219  cubic  feet  per  second,  and  by  the 
Cataract  City  Milling  Co.  52  cubic  feet  per  second.  The  more  north- 
erly of  the  two  covered  flumes  leads  to  the  water  wheel  of  the  Pette- 
bone-Cataract Paper  Co.,  which  operates  under  90  feet  of  head. 
Served  by  the  other  flume  is  a  second  wheel  of  the  same  company, 
and  the  wheel  of  the  Cataract  City  Milling  Co.,  each  acting  under 
86  feet  of  head.  It  is  improbable  that  these  wneels  develop  more 
than  7i  horsepower  per  cubic  feet  per  second  which  corresponds  to 
an  over-all  emciency  of  30  per  cent.  Photograph  No.  144  snows  the 
discharge  from  the  wheels  of  this  company,  high  up  the  gorge,  and 
gives  a  good  idea  of  the  wasteful  use  of  water  in  which  this  company 
persists. 

History  of  Niagara  Falls  Power  Co. — In  March,  1886,  Cliarles  B. 
Gaskill  and  seven  associates  organized  the  Niagara  Hydraulic  Tun- 
nel, Power  &  Sewer  Co.  which  planned  to  develop  power  by  means  of 
deep  wheel  pits  and  a  tunnel.  The  capital  stock  was  $200,000,  with 
power  to  increase  it  to  $3,000,000.  The  engineer  was  Thomas  Ever- 
shed,  division  engineer  oi  the  XVestem  division  of  the  Erie  Canal. 
The  original  scheme  devised  by  Mr.  Evershed,  was  to  dig  a  series  of 
inlet  canals  at  right  angles  to  the  shore  of  the  Niagara  Kiver  above 
Port  Day,  and  beneath  the  inner  ends  of  these  construct  a  tailrace 
tunnel  running  parallel  with  the  shore  and  discharging  into  the 
Maid-of-the-I^st  Pool.  Penstocks  were  to  conduct  the  water  down 
from  the  inlets  to  the  turbines  which  were  to  discharge  into  the 
tunnel.  Somewhat  later  it  was  decided  to  have  only  two  river  con- 
nections, one  behind  Conners  Island,  and  the  other  behind  Grass 
Island,  the  inner  ends  of  these  inlets  being  connected  by  a  canal 
parallel  to  the  river  and  adjacent  to  the  south  side  of  Buffalo 
Avenue.  The  inlets  and  canal  were  to  form  a  ship  canal  or  harbor. 
The  tunnel  was  to  parallel  the  canal  along  its  south  side,  being  suffi- 
ciently below  to  provide  a  developable  head  of  water  of  140  feet. 
The  intent  was  to  plan  works  which  ultimately  might  develop 
100,000  horsepower.  Under  these  limiting  conditions,  and  with  such 
efficiencies  of  nydraulic  turbines  as  were  then  obtained,  this  would  re- 
quire between  8,000  and  9,000  cubic  feet  of  water  per  second,  and  it 
appears  that  the  tunnel  was  designed  with  such  slopes  and  cross- 
section  as  to  discharge  8,600  cubic  feet  per  second.  A  railroad  was 
to  parallel  the  canal,  and  factory  sites  were  to  have  transportation 
facilities  both  by  water  and  by  land.    The  mills  were  to  take  water 
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from  either  side  of  the  canal,  drop  it  through  their  wheels,  and  dis- 
charge it  into  the  tailrace  tunnel. 

A  little  later  the  idea  of  a  central  power  station,  from  which 
power  would  be  transmitted  to  factories  along  the  canal,  was  intro- 
duced.   At  first  the  company  found  it  difficult  to  interest  capital  in 
the  concern,  but  by  1889,  chiefly  through  the  efforts  of  Mr.  William 
B.  Rankine,  funds  had  been  procured  and  the  company  waa  prepared 
to^  begin  operations.    The  name  of  the  company  was  changed  to  the 
Niagara  Falls  Power  Co.    Dr.  Coleman  Sellers  was  retained  as  con- 
sulting engineer  and  Clemens  Herschel  as  hydraulic  engineer.     An 
auxiliary  company — ^the  Cataract  Construction  Co. — ^was  organized 
and  given  a  contract  for  a  wheel  pit  and  tunnel.    This  contract  was 
let  April  1,  1890,  and  work  was  begun  in  October  of  the  same  year. 
Although  work  had  started  on  the  tunnel  and  wheel  pit,  the  design 
of  the  plant  was  still  unsettled  in  many  essential  points.    Turbines 
of  unprecedented  size  and  power,  acting  under  an  unusually  hi^h 
head,  had  to  be  designed  and  built.    Al5)ve  all,  the  method  of  dis- 
tributing the  power  was  yet  to  be  decided  upon  and  the  necessary 
apparatus  designed.    To  determine  these  important  points  an  ^In- 
ternational Niagara  Commission"  was  established  in  London,  em- 
powered to  consider  competitive  plans  and  award  $82,000  in  prizes. 
The  members  of  the  commission  were :  Sir  William  Thompson  (after- 
wards Lord  Kelvin),  chairman,  English;  Prof.  Cawthom  Unwin, 
secretary,   English;   Dr.   Coleman   Sellers,   American:   Lieut.  Col. 
Theodore  Turrettini,  Swiss ;  Prof.  E.  Mascart,  French. 

This  commission,  composed  of  some  of  the  most  eminent  engineers 
of  the  time,  made  investigations  in  England,  Switzerland,  France, 
and  Italy,  and  considered  20  competitive  plans  submitted  to  it.  Its 
studies,  which  were  devoted  mainly  to  the  subject  of  water  wheels 
and  their  hydraulic  accessories,  resulted  in  the  adoption  of  the  tur- 
bine designs  of  Messrs.  Feasch  &  Piccard,  of  Geneva.  The  turbines 
provided  in  the  accepted  design  were  of  the  Foumeyron  type,  twin 
runner  without  draft  tubes,  and  rated  at  5,600  horsepower  each. 

They  were  built  by  the  I.  P.  Morris  Co.,  of  Philadelphia.  The 
method  of  transmitting  the  power  still  remained  to  be  settled.  Three 
methods  were  considered,  rope  drive,  pneumatic,  and  electric.  Nota- 
ble rope-drive  installations  were  investigated.  As  late  as  1892  the 
Sneumatic  transmission  was  receiving  favorable  consideration, 
'inally  it  was  decided  to  use  electric  power,  although  electric  gen- 
erators of  the  size  required  were  quite  without  precedent.  In  1891 
the  power  company  invited  competitive  plans  and  estimates  for  the 
development  of  its  electric  power  and  for  its  transmission,  both 
locally  and  to  Buffalo.  A  very  careful  consideration  of  proposed 
installations  led  it  to  adopt  a  two-phase  alternating  current  genera- 
tor producing  electric  energy  at  about  2,000  volts,  with  a  frequency 
of  25  cycles  per  second.   This  was  perhaps  the  most  important  of  the 

{)ioneer  developments  involving  the  use  of  alternating  current  and 
ong-distance  transmission,  and  its  adoption  involved^  a  great  deal 
of  courage  in  view  of  the  criticism  of  prominent  engineers.  The 
generators  were  designed  by  Prof.  George  Forbes,  of  London,  the 
company's  electrical  engineer.  They  were  of  the  external  revolving 
field  type.  They  were  built  by  the  Westinghouse  Electric  &  Manu- 
facturing Co.,  01  Pittsburgh. 
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By  August,  1895,  the  installation  of  three  units  had  been  com- 
pleted ana  power  was  delivered  to  the  Pittsburgh  Keduction  Co.,  for 
the  manufacture  of  aluminum.  A  little  more  tlum  a  year  later  power 
was  being  delivered  in  Buffalo.  The  construction  ox  this  first  power 
house  was  continued  until  in  May.  1900,  the  tenth  unit  was  put  in 
service,  marking  the  completion  or  plant  No.  1.  Three  months  be- 
fore this,  work  had  been  commenced  on  the  construction  of  a  second 
plant  on  the  other  side  of  the  canal,  which  followed  the  ^[eneral  lines 
of  No.  1.  The  turbines,  of  the  same  capacity,  were  designed  by  the 
Escher  Wyss  Co.,  of  Zurich,  and  were  built  and  installed  oy^  the  I.  P. 
Morris  Co.  They  were  of  tlie  Francis  type,  inward  flow,  with  single 
runners  and  doiinle-draft  tubes.  The  generators  were  built  by  uie 
General  Electric  Co.  Six  generators  are  of  the  same  type  as  those 
in  plant  No.  1.  The  other  five  have  internal  revolving  fields.  The 
first  unit  of  this  plant  was  put  in  operation  in  October,  1902,  and 
the  last  one  in  M!arch,  1904.  About  the  year  1910  the  turbines  in 
plant  No.  1  were  replaced  by  new  ones  designed  bv  the  company's 
engineer,  and  built  by  the  Bethlehem  Steel  Co.  They  are  vertical- 
shaft  Francis  turbines  with  single  runners  and  sinffle-draft  tubes. 

Prese^nt  plant  of  Niagara  Falls  Power  Co. — PlateNo.  31  shows  the 
general  layout  of  the  Niagara  Falls  Power  Co.'s  plant.  The  canal 
makes  an  angle  of  about  125 "^  with  the  current  of  the  river.  It  is 
located  just  below  Grass  Island  and  is  1.200  feet  long.  Its  width 
varies  from  about  200  feet  at  the  entrance  to  120  feet  at  the  northeast 
end.  The  depth  of  water  at  ordinary  stages  is  about  12  feet.  Not 
far  below  the  entrance  a  branch  canal  leads  northwesterly  to  the  In- 
ternational Paper  Co.  This  tenant  of  the  power  company  has  until 
recently  received  water,  not  electric  power,  and  this  has  been  dis- 
charged through  a  branch  tunnel  into  the  main  tunnel  of  the  Niagara 
Falls  Power  C,o.  Along  the  northeast  end  of  the  northwest  side  of 
the  canal  stands  plant  rfo.  1.  The  building,  designed  by  Stanford 
White,  is  a  handsome  structure  of  dark  gray  limestone,  about  75  feet 
wide  and  460  feet  long.  It  contains  ten  5,000-horsepower  units.  Plant 
No.  2  is  a  similar  structure  on  the  opposite  side  of  the  canal  aboqt 
midway  of  its  length.  It  is  about  580  by  100  feet  and  contains  eleven 
0,000-horsepower  units.  The  water  from  the  canal  enters  through 
arched  openings  in  the  front  wall  of  the  building  into  a  fore  bay 
inside.  Here  it  enters  the  penstocks,  7|  feet  in  diameter,  which  eon- 
duct  it  down  into  the  wheel  pit.  Each  penstock  is  provided  with  a 
motor-driven  headgate.  It  is  understood  that  the  racks  which  for- 
merly protected  the  entrance  to  the  penstocks  are  no  longer  in  use. 
The  wheel  pits  are  vertical  trenches  cut  in  the  solid  rock.  They  are 
about  17i  feet  wide  and  I77i  feet  deep.  The  wheel  pit  in  plant  No.  1 
is  424^  reet  long;  that  in  No.  2  is  461  feet.  At  the  bottom  of  the 
penstocks  the  water  makes  a  right-angled  turn  and  enters  the  tur- 
bines about  134  feet  below  the  powerhouse  floor.  The  speed  of  the 
turbines  is  reflated  at  250  revolutions  per  minute  by  cylinder  gates 
operated  by  oil  pressure  governors  on  the  generator  floor.  The  draft 
tubes  discharge  the  water  into  a  tailrace  formed  by  the  bottom  of 
the  wheel  pit.  From  the  bottom  of  the  northeast  end  of  each  wheel 
pit  the  water  enters  a  tailrace  tunnel.  The  tunnel  from  No.  1  inter- 
sects that  from  No.  2  at  an  angle  of  60^.  From  this  intersection  the 
length  of  tunnel  to  plant  No.  1  is  about  50  feet  and  to  No.  2  is  about 
600  feet,  each  branch  swinging  around  a  curve  through  an  angle  of 
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almost  122°  The  tunnel  runs  in  a  straight  line  from  this  intersec- 
tion to  its  outlet  just  downstream  from  the  upper  steel  arch  bridge^  a 
distance  of  about  7,000  feet.  It  is  of  horseshoe  shaped  cross-section 
21  feet  high  and  18  feet  10  inches  wide,  with  a  cross-sectional  area  of 
335  square  feet.  It  is  lined  with  brick.  The  bottom  of  the  tunnel 
at  the  wheel  pits  is  about  44  feet  above  the  level  of  the  river  at  the 
outfall.  The  slope  is  4  feet  per  thousand  for  the  first  one-third  of 
the  length  and  7  feet  per  1,000  from  there  to  a  point  95  feet  from  the 
outfall.  Thence  it  drops  iO|  feet  in  an  ogee  curve,  and  the  opwi  end 
is  about  half  submerged  at  normal  stages.  This  last  85-foot  length 
of  the  tunnel  is  lined  with  steel  plates. 

The  portal  is  of  granite  masonry  founded  on  a  hard  sandstone 
ledge.  The  velocities  through  the  tunnel  are  extremely  high.  When 
all  machines  are  operating  at  full  load  the  velocity  is  about  30  feet 
per  second  in  the  tunnel  and  about  45  feet  per  second  at  the  outfall* 
which  latter  fi^re  is  equivalent  to  30  miles  per  hour  and  is  twice  as 

Seat  as  the  highest  velocity  in  the  rapids  above  the  crest  of  the 
orseshoe  Falls.  About  one-third  of  the  available  energy  of  the 
water  is  used  up  in  forcing  itself  through  the  tunnel  at  this  high 
velocity,  and  this  loss  of  power  forms  the  chief  reason  for  the  low 
overall  efficiency  of  the  plant. 

The  power  developed  by  the  turbines  is  transmitted  to  the  genera- 
tor floor  by  lar^e  vertical  steel  shafts.  These  are  made  of  steel  tubing 
38  inches  in  diameter  and  three-eighths  inch  thickj  except  at  the 
bearings,  where  they  are  solid  and  are  11  inches  in  diameter.  There 
are  three  bearings  between  the  turbines  and  the  generator  floor,  each 
accessible  by  a  deck  in  the  pit.  The  weight  of  each  shaft  with  the 
moving  parts  of  the  turbine  and  generator  is  about  100  tons.  In 
powerhouse  No.  2  this  weight  is  partly  balanced  by  hydrostatic  pres- 
sure on  a  flange  inside  the  turbine  case.  The  rest  of  the  weight,  and 
the  full  weight  of  the  moving  part  in  Plant  1  is  supported  by  oil 
pressure  thrust  bearings  located  below  the  generators,  on  what  is 
called  the  "  thrust  deck."  The  generators  are  of  the  umbrella  type 
and  are  rated  at  3,750  kilovolt-amperes  each.  They  are  operated  at 
260  revolutions  per  minute,  and  generate  two-phase  alternating  cur- 
rent at  25  cycles  per  second,  2,200  volts.  There  are  four  exciters  in- 
each  plant,  located  in  small  chambers  cut  in  the  rock  near  the  bottom^ 
of  the  wheel  pits,  and  driven  by  Pelton  wheels.  Two  main  switch- 
boards are  installed  in  plant  No.  1,  each  controlling  and  distributing 
the  output  of  five  generators.  The  main  generator  and  feeder- 
switches  are  operated  pneumatically.  In  power  house  No.  2  the  en- 
tire output  of  the  plant  is  controlled  and  distributed  from  a  single 
operating  switchboard,  switches  being  operated  electrically. 

Plate  No.  32  shows  a  typical  cross-section  through  powerhouse 
No.  2. 

For  the  operation  of  near-by  plants,  power  is  transmitted  at  2,200 
volts,  two  phase.  For  the  more  distant  plants  in  the  Niagara  Falls  dis- 
trict it  is  stepped  up  to  11,000  volts,  and  changed  to  three  phase: 
Power  is  transmitted  to  Buffalo  and  other  cities  at  22,000  volts,  three 
phase.  The  farthest  transmission  is  to  Olcott,  a  distance  of  about 
36  miles.  The  step-up  transformer  station  is  located  directly  across 
the  canal  from  plant  No.  1.  It  contains  16  air-blast  transformers  of 
1,250  horsepower  each,  which  change  the  generated  energy  from 
2,200  volts,  two  phase,  to  22,000  voUs,  three  phase;  and  16  oil-in^ 


DIVERSION  OF  WATER  FROM  GREAT  LAKES  AND  NIAGARA  RIVER.     303 

solated,  water-cooled  transformers  of  2,500  horsepower  each,  which 
change  the  characteristics  of  the  electric  energy  generated  from  two 
phase,  2,200  volts,  to  three  phase  at  either  11,000  or  22,000  volts,  as 
may  be  required. 

Tests  by  the  United  States  Lake  Survey  show  that  about  10.8  horse- 
power are  developed  per  cubic  foot  per  second  when  21  units  are 
operating  at  their  rated  capacity  of  5,000  horsepower  each,  the  total 
diversion  being  9,700  cubic  feet  per  second.  Tnis  gives  an  over-all 
efficiency  of  43|  per  cent.  With  a  snlaller  load  the  tail- water  does  not 
stand  so  high  in  the  wheel  pit,  and  the  efficiency  is  greater.  The  com- 
pany ordinarily  operates  21  units  to  generate  amut  100,000  horse- 
power, using  9,450  cubic  feet  per  second.  This  is  10.6  horsepower 
per  cubic  foot  per  second  and  represents  an  efficiency  of  42|  per  cent. 

Photographs  Nos.  155  to  168  give  an  idea  of  the  appearance  of  the 
principal  elements  of  the  plant  during  construction  and  after  com- 
pletion.   A  brief  explanation  accompanies  each  view. 

In  regard  to  the  steep  slope  and  small  size  of  tunnel,  with  the  conse- 
quent great  loss  in  over-all  efficiency,  a  few  words  of  explanation  seem 
pertinent.  At  the  time  of  the  inception  of  this  project  there  were 
very  few  places  in  the  world  where  water  power  had  been  developed 
under  a  head  of  100  feet  or  more,  and  none  where  the  quantity  of  water 
used  under  such  a  head  was  large.  The  Hydraulic  Power  Co.  thea 
contemplated  developments  of  only  90  to  100  feet  of  head.  The  140 
feet  provided  in  the  plans  of  this  new  development  therefore  indicated 
a  step  forward  into  almost  unknown  realms  of  engineering.  The  ulti- 
mate proposed  development  of  100,000  horsepower,  which  it  was  ex- 
pected would  be  used  night  and  dav,  amountea  in  horsepower-hours  to 
about  five  times  the  water  power  developed  in  Lowell,  Lawrence,  and 
Holyoke  combined.  These  were  cities  of  the  first  magnitude  as  regards 
water-power  development,  and  a  project  contemplating  a  production 
of  100,000  horsepower  was  stupendous.  At  that  time  the  ultimate 
development  planned  by  the  Hydraulic  Power  Co.  was  20,000  horse- 
power. It  was  not  expected  that  the  100,000  horsepower  limit  would 
be  reached  for  many  years,*  but,  when  it  was,  the  total  diversion 
from  Niagara  River  would  be  only  8,600  cubic  feet  per  second  or 
thereabouts,  and  this  seemed  such  an  insignificant  fraction  of  the 
river  flow  that  apparently  nobody  foresaw  a  time  when  the  supply 
would  be  limited  or  a  more  efficient  use  of  the  diversion  considered 
essential 

As  already  noted  under  the  preceding  description  of  the  Hydraulic 
Power  Co.,  the  three  companies,  namely,  the  Niagara  Falls  Power  Co., 
Hydraulic  Power  Co.,  and  Cliff  Electrical  Distributing  Co.,  combined 
under  the  name  of  the  Niagara  Falls  Power  Co.,  on  October  31, 1918. 
At  the  time  of  the  merger  uie  outstanding  stock  of  the  Niagara  Falls 
Power  Co.,  was  $5,757,700  and  the  outstanding  bonds  $18,226,000. 

At  the  time  of  the  merger  the  Niagara  Falls  Power  Co.  possessed 
a  right  granted  by  the  State  to  develop  200,000  horsepower.  A  brief 
history  of  Federal  legislation  in  regard  to  diversions  of  water  from 
Niagara  Siver  by  this  company,  and  of  permits  and  supervision  per- 
taining thereto,  as  well  as  quantities  of  diversions  thereunder,  is  given 
m  Section  C  of  this  report. 

IjUemational  Paper  Co, — The  International  Paper  Co.  buys  water 
power  fi*om  the  Niagara  Falls  Power  Co.  Its  lease  gives  it  the  right 
to  receive  approximately  750  cubic  feet  per  second  of  water  from  the. 
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power  company's  canal  and  discharge  it  into  the  tailraee  tunnel. 
Water  has  until  recently  been  taken  from  the  intake  of  the  Niagara 
Falls  Power  Co.  through  a  canal  about  30  feet  wide,  lOJ  feet  (feep, 
and  385  feet  long.  From  the  end  of  the  canal  the  water  descended 
into  the  wheel  pit  in  a  penstock  12  feet  in  diameter,  from  which  it  was 
supplied  through  short  branch  pipes  to  six  wheels.  These  were 
Jonval  turbines  of  1,300  horsepower  each.  From  them  the  water 
went  through  a  tailraee  tunnel  of  circular  section  660  feet  lon^  and  7 
feet  in  diameter,  entering  the  power  company's  main  tunnel  at  an 
abrupt  angle  835  feet  downstream  from  the  jimction  of  the  two  main 
tunnel  branches.  Little  is  known  of  the  efficiency  of  this  installa- 
tion, but  it  was  probably  somewhat  less  than  that  of  the  Niagara 
Falls  Power  Co.  Recently  this  power  plant  has  been  dismantled 
and  removed.  It  is  understood  that  the  rights  have  been  retained 
and  that  turbines  are  under  construction  for  a  new  installation. 

3.   PROPOSED  PLANT  USING  ENTIRE  DIVERSION  AND  TOTAL  HEAD  IN   ONE 

STAGE. 

General  remarks. — ^Three  types  of  installation  for  utilizing  in  one 
stage  the  entire  diversion  and  total  head  have  been  suggested.  The 
first  provides  for  a  power  house  somewhere  on  the  upper  river,  with 
water  wheels  installed  in  a  deep  pit,  the  water  flowing  from  the 
wheels  to  the  lower  river  through  a  tailraee  tunnel.  The  second 
proposition  calls  for  an  intake  on  the  upper  river  and  a  tunnel  from 
it  to  a  power  house  in  the  Gorge  of  the  lower  river.  The  third  is 
similar  to  the  second  except  that  the  tunnel  is  replaced  by  an  open 
canal.  Plans  providing  a  combination  of  two  of  these  ideas  are 
possible,  but  seem  to  offer  no  advantages.  -Outline  plans  and  esti- 
mates have  been  made  for  each  of  these  three  projects. 

TaSJ/raoe  tunnel  proposition, — ^An  economic  study  of  the  location 
of  this  project  showed  that  to  get  the  greatest  return  on  the  invest- 
ment the  power  house  should  be  located  on  the  shoal  just  upstream 
from  Grass  Island  and  that  the  outfall  of  the  tunnel  snonld  be  at  or 
not  far  downstream  from  the  Devils  Hole.  Plate  No.  83  shows  the 
general  layout  of  the  project  with  the  outfall  near  Riverdale  Ceme- 
etry.  The  general  desi^  of  the  power  house  is  shown  on  plate  No.  34. 
A  channel  600  feet  wide  is  to  be  dredged  in  the  river  from  the  deep 
water  half  a  mile  upstream.  Along  the  face  of  the  proposed  power 
house  the  channel  is  25  feet  deep  at  low  water.  The  bottom  of  the 
channel  slopes  transversely  so  that  the  depth  on  the  south  side  is  but 
10  feet.  For  half  a  mile  downstream  from  the  power  \to\xse  all 
shoal  spots  are  dredged  to  a  depth  of  10  feet  at  low  water.  The 
face  of  the  power  house  extends  along  the  deep  side  of  this  dred^d 
cut  for  about  1,100  feet.  It  contains  34  arched  openings  each  with 
an  area  of  329  square  feet.  The  crowns  of  the  arches  are  each  11 
feet  below  low  water.  Four  feet  above  the  crowns  a  concrete  shelf 
projects  5  feet  from  the  wall  along  the  whole  front.  With  this  con- 
struction it  is  expected  that  there  will  always  be  a  considerable  cur- 
rent past  the  power  house  and  that  very  little  ice  will  pass  under 
the  arches. 

Each  pair  of  submerged  arches  serves  one  turbine.  Passing 
through  any  arch  the  water  entere  a  small  fore  bay,  24  by  29  feet  in 
horizontal  dimensions.  Just  inward  from  the  arch  are  slots  in  which 
stop  logs  may  be  placed  whenever  it  is  desired  to  drain  the  fore  bay 
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for  repairs.    Beyond  these  is  a  set  of  racks  to  prevent  weeds  and 

trash  irom  entering  the  i>enstocks.  A  traveling  crane,  running  the 
full  length  of  the  building  over  the  fore  bays,  provides  for  handling 
the  heavy  rakes  used  in  clearing  the  racks.  From  the  north  side  of 
each  fore  bay  the  water  flows  tnrough  a  bellmouth  entrance  into  a 
steel  penstock,  10  feet  in  diameter.  Each  penstock  is  provided  with 
a  gate,  a  by-pass,  and  air  vent. 

The  water  wheels  and  generators  are  in  a  deep  pit.  Each  gener- 
ator pests  at  the  bottom  oi  an  open  shaft,  25  feet  in  diameter,  which 
descends  to  the  generator  floor  at  elevation  292.  For  18  feet  above 
this  floor  the  shaft  is  enlarged  to  30  feet.  The  generators  are  of  the 
vertical-shaft  type  with  internal  revolving  field.  On  top  of  each 
one  is  a  direct-connected  exciter.  The  generators  are  rated  at  27,000 
kilowatts,  continuous  maximum  output  at  90  per  cent  power  factor, 
at  12,000  volts,  3  phase,  26  cycles  per  second.  Their  speed  is  about 
221  revolutions  per  minute.  A  longitudinal  passage  or  tunnel, 
panillel  to  the  main  wheel  pit,  at  the  elevation  of  the  generator  floor, 
is  connected  to  each  little  generator  room  by  a  short  lateral  passage. 

Each  turbine  is  fed  bv  two  penstocks.    Befween  each  pair  of  gen- 
erator pits  is  a  pit  containing  two  penstocks  together  with  the  electric 
conductors,  ventilating  ducts,  and  other  apparatus.     By  means  of 
this  arrangement  it  will  be  possible  to  conduct  cool  air  down  the 
penstock  pits  and  through  passages  to  the  generators — the  heated  air 
from  the  generators  rising  vertically  in  the  generator  pits.    At  the 
bottom  of  each  penstock  pit  are  two  synchronous  relief  valves,  one 
on  each  penstock.    Stairs  from  the  passage  lead  to  a  governor  room 
under  each  generator  and  from  there  passages  lead  to  the  bottom  of 
the  penstock  shafts.     The  penstocks  turn  at  right  angles  to  enter 
the  turbines,  whose  centers  are  at  elevation  265.   The  turbines  are  of 
the  vertical  shaft,  single-runner  type,  having  inward  and  down- 
ward flow,  with  double  scroll  cases,  and  single  draft  tubes.    They 
are  rated  at  37,000  horsepower  maximum.    Each  is  direct  connected 
to  its  generator,  and  the  complete  rotating  part  is  supported  on  a 
Kingsbury  thrust  bearing.     Beneath  the  turoines  is  a  tailrace  into 
which  the  draft  tubes  discharge.    The  top  of  this  tailrace  is  at  eleva- 
tion 248.     The  cross  section  is  of  horseshoe  shape,  20  feet  wide, 
20  feet  high  at  the  upstream  end,  and  48  feet  wide  and  high  at  the 
down  stream  end. 

The  building  above  the  wheel  pit  contains  a  switchboard,  oil 
switches,  busses,  cranes,  and  other  machinery  necessary  to  the  oper- 
ation of  the  plant.  Its  floor  is  at  elevation  567.  Two  elevators  con- 
nect it  with  the  passage  at  the  generator  level.  A  spur  track  connec- 
tion between  the  power  house  and  the  Niagara  Junction  Railway  is 
provided. 

The  tailrace  tunnel  is  of  horseshoe  section,  48  feet  high  and  48 
feet  wide,  with  a  cross-sectional  area  of  1,970  square  feet.  It  is  lined 
with  concrete.  Thickness  of  lining  and  cross-sectional  proportions 
are  in  accordance  with  the  standards  described  in  Part  fi-1.  Start- 
ing from  the  west  end  of  the  power  house  it  makes  a  curve  of  800- 
foot  radius,  1,280  feet  long.  Thence  it  runs  straight  to  the  poilal 
below  the  Riverdale  Cemetery,  except  for  a  slight  curve  near  the 
lower  end  to  prevent  it  reaching  the  river  at  too  acute  an  angle.  The 
total  length  is  26,000  feet.    For  a  considerable  distance  the  location 
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is  wholly  or  partially  under  Seventeenth  Street.  Its  profile  is  level 
throughout  with  the  invert  at  elevation  200.  When  taking  the  full 
diversion  of  20,000  cubic  feet  per  second  the  mean  velocity  in  the 
tunnel  will  be  10.15  feet  per  second. 

It  is  planned  to  deposit  the  spoil  from  the  wheel  pit  and  tunnel 
along  the  shore  of  Niagara  Kiver,  between  Grass  Island  and  Con- 
ners  Island,  and  south  of  Conners  Island,  as  shown  on  the  map, 
plate  No.  33.  This  will  form  about  210  acres  of  valuable  land  for 
factory  sites.  Adjacent  vacant  land  now  has  an  assessed  value  of 
$5^  per  acre. 

Taking  "  Kutter's  N  "  as  0.013,  the  loss  of  head  in  the  tunnel  will 
be  9  feet.  The  loss  of  head  at  the  intake  through  the  racks  in  the 
bellmouths  and  penstocks,  in  the  tapering  section  of  the  tunnel,  and 
at  the  tunnel  outfall  is  estimated  at  4.5  feet.  Total  loss  of  head  is 
13.5  feet.  Mean  elevation  of  headwater  is  562.5.  Mean  elevation  of 
tailwater  is  250.  Gross  head  is  the  difference  or  312.5  feet.  Net 
head  is  312.5  minus  13.5  or  299  feet.  Assuming  the  combined  effi- 
ciency of  the  turbine  and  generator  to  be  86  per  cent,  the  total  power 
produced  by  20,000  cubic  feet  per  second  is  584,000  horsepower, 
which  is  29.2  horsepower  per  cubic  foot  per  second.  This  is  equiva- 
lent to  an  over-all  efficiency  of  82.4  per  cent. 

Table  No.  32  is  a  summary  of  an  estimate  of  the  cost  of  this  pro- 
ject. The  total  is  $52,220,000,  which  amounts  to  $89.40  per  horse- 
power. Estimated  time  of  development  is  three  years  for  first  power, 
and  five  years  for  completion. 

Table  No.  32. — Tailrace  tunnel  proposition — Summary  of  estimate  of  constrve- 

tion  cost. 


Item. 


Dredgiiig  in  rivdr,  hardpan cubic  yards. 


Total  river  work 

Cofferdam,  D-Ofeet linear  feet. 

Roclr  excavation cubic  yards . 

Plain  concrete do. . . 

Reinforced  concrete do... 

Bulldmg: 

Main  portion Mjuare  feet . 

Over  racks  and  fore  bay do... 

Racks pounds. 

Stop  logs,  steel do... 


Total  power  house 

Turbines  and  genoraton horsepower. 

Erection  and  accessciles do. . . 

Steel  penstocks pounds. 

Penstock  gates 

Synchronous  relief  valves 


Total  equipment 

TaHraoe  tunnel,  4S  feet  diameter linear  feet. 

Portal,  gorge  route  tracks,  etc 

Tunnel  shafts,  25  feet  square csubio  yards. 


Total  tunnel. 
Real  estate 


Quantity. 


379,400 


2,600 
411,000 
177,210 

4,470 

55.800 

51.100 

1,142,000 

149,000 


029,000 

020,000 

10,410,000 

34 

34 


20,000 
'3i,'7i6" 


Summation 

Contingencies,  15  per  cent  of  138,326,000 

Engineering  and  superintendence,  10  per  cent  of 
^M^OOO 


Summation 

Construction  interest,  9  per  cent  of  147,908,000. 


Construction  cost 

Cost  per  horsepower  for  5S4,ono  horsenower. 


Unit  price. 


SI.  25 


14.40 

5.00 

12.00 

25.00 

15.00 

12.00 

.10 

.10 


Amount. 


$474,00a00 


337,000.00 
2,055,000.00 
2,127,000.00 

112.000.00 

837,000.00 
613,000.00 

ii4,ooaoo 

15,000.00 


14.15 

3.80 

.10 

2,500.00 

6,ooaoo 


735.00 


12.00 


8,900,00a00 
2,076,000.00 
l,O42,OQa00 

85,ooaoo 

204.000:00 


i9,iio,ooaoo 
ioo,ooaoo 
88i,ooaoo 


TotaL 


8474,00a00 


5,910,000100 


12,307,000100 


19, 541,  "na  00 

44,000.00 


38,826,000.00 
5,740,  OOa  00 

3,833,00a00 


47,908,  OOa  06 
4, 312,  oca  00 


52, 220,00a  00 

sa40 
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Pressure  tunnel  proposition. — ^The  economic  location  of  this  proj- 
ect is  determined  by  the  same  factors  as  the  preceding  one,  and  a 
study  of  the  limiting  conditions  leads  to  the  choice  of  the  same  loca- 
tion. The  intake  is  on  the  ^oal  just  upstream  from  Grass  Island, 
and  the  power  house  is  in  the  Gterge  below  the  Riverdale  Cemetery. 
The  genenil  plan  of  this  project  is  ^own  on  plate  No.  33,  and  the  de- 
tails on  plates  Nos.  35,  36,  and  37.  The  approach  channel  above 
(rrass  Island  is  the  same  as  for  the  tailrace  tunnel,  and  the  arched 
wall  of  the  intake  stands  just  where  the  arched  wall  of  the  power 
house  stands  in  the  preceding  proposition.  The  arrangement  of 
arches,  with  their  crowns  11  feet  below  the  water  surface  and  a  6-foot 
concrete  shelf  above  them,  is  the  same  as  before,  but  the  area  of  each 
opening  is  292  square  feet,  and  there  are  30  opening.  Passing  un- 
der the  arches  the  water  enters  a  fore  bay  22  feet  wide  and  750  feet 
long.  On  the  north  side  of  the  fore  bay  are  the  racks,  in  30  panels, 
each  21  feet  wide  and  26  feet  deep  below  low  water.  Each  panel  of 
lacks  is  set  between  concrete  piers,  4  feet  thick,  with  provision  for 
placing  stop  logs  in  front  of  the  racks.  Behind  the  racks  are  verti- 
cal steel  gates,  motor  driven,  each  capable  of  closing  the  opening 
of  one  bay,  which  is  21  feet  wide  in  the  clear  and  31  feet  high  to  the 
pitehouse  floor.  A  building,  60  feet  wide  and  800  feet  long,  covers 
the  fore  bay  and  racks  and  contains  a  crane  for  raking  and  handling 
racks.  Behind  the  rack  house  the  water  goes  between  converging 
concrete  walls  to  a  vertical  shaft,  50  feet  in  diameter,  through  whicn 
it  descends  into  the  tunnel.  The  bottom  between  the  concrete  walls 
has  a  curved  profile  designed  to  preserve  a  nearly  constant  velocity 
of  about  5  feet  per  second  to  prevent  freezing  in  wintertime.  The 
bottom  lining  is  to  be  bonded  to  the  underlymg  rock,  which  latter 
is  to  be  grouted  in  so  far  as  necessary  to  provide  against  leakage 
and  uplixt  when  the  basin  is  empty.  Provision  is  to  be  made  for 
draining  water  into  the  tunnel  from  the  south  portion  of  the  intake 
basin  when  the  gates  are  closed.  A  railroad  spur  track  will  extend 
on  a  fill  to  the  gatehouse  from  the  Niagara  Junction  Railway. 

The  tunnel  is  identical  in  cross  section  with  that  of  the  previous 
proposition.  It  is  about  26,000  feet  long,  and  at  its  upstream  end 
connects  with  the  downtake  shaft  by  a  vertical  curve.  The  eleva- 
tion of  the  tunnel  invert  at  this  end  is  400,  while  at  the  lower  end 
it  is  275.  Near  the  lower  end  of  the  tunnel  a  circular  tunnel,  43  feet 
in  diameter,  branches  off  and  rises  to  a  ^'  differential  surge  tank  " 
located  between  the  top  of  the  cliff  and  the  railroad,  just  south  of 
the  abandoned  auarry.  The  tank  is  of  concrete,  124  feet  in  diame- 
ter, and  rises  about  90  feet  above  the  ground  surface.  The  spoil 
from  the  tunnel  is  to  be  disposed  of  the  same  as  in  the  tailrace  tun- 
nel scheme. 

The  power  house  is  a  masonry  building  at  the  foot  of  the  cliff, 
after  the  style  of  station  3  of  the  Hydraulic  Power  Co.  It  is  about 
870  feet  long  and  85  feet  wide.  Seventeen  circular  penstock  tun- 
nels, 12  feet  in  diameter  and  concrete  lined,  branch  off  from  the 
lower  end  of  the  tunnel  at  an  angle  of  about  45  degrees.  In  con- 
tinuation of  these,  steel  penstocks,  12  feet  in  diameter,  enter  the  sub- 
structure of  the  power  house.  A  penstodk  valve  in  each  one  serves 
as  a  gate.  The  turbines  and  generators  are  identical  in  capacity 
and  other  characteristics  with  those  provided  in  the  tailrace  tunnel 


308     DIVERSION  OF  WATER  FBOM  GBEAT  LAKES  AND  NIAGARA  RIVER. 

proposition,  except  that  the  scroll  cases  are  single,  and  each  one  is 
led  by  a  single  penstock.  The  centers  of  the  turbines  are  at  eleva- 
tion  265.  The  generator  floor  is  at  elevation  280.  The  draft  tubes 
discharge  into  tailraces  leading  directly  into  the  lower  river.  The 
busses,  oil  switches,  and  other  necessary  auxiliaries,  are  located 
along  the  eastern  part  of  the  power  house. 

The  mean  elevation  of  the  headwater  and  tail-water  is  the  same  as 
for  the  tailrace  tunnel  project,  giving  a  ffross  head  of  312.5  feet. 
The  tunnel  is  shorter  and  the  loss  of  head  in  it  is  estimated  at  8.5 
feet.  The  loss  in  the  intake,  together  with  penstock  losses  and  other 
minor  losses,  is  estimated  at  2J5  feet.  Total  loss  of  head  is  11.25 
feet.  Net  head  is  301.3  feet.  Assuming  the  combined  efficiency  of 
turbine  and  generator  as  86  per  cent,  the  total  power  produced  by 
20,000  cubic  feet  per  second  is  588,000  horsepower,  which  is  29.4 
hoi'sepower  per  cubic  foot  per  second.  This  is  equivalent  to  an 
oveiall  efficiency  of  82.9  per  cent. 

Table  No.  33  is  a  summary  of  an  estimate  of  cost  of  this  project. 
The  total  is  $50,803,000,  which  amounts  to  $86.40  per  horsepower. 
Estimated  time  of  development  is  3  years  for  first  power  and  5  years 
for  completion. 

Table  No.  33. — PrcHsure  ttnnicl  proposition — Summary  of  estimate  of  constmr- 

tiofi  cost. 


Item. 


Quantity. 


Dredging  in  rivor,  bardpan cubic  yards. 


Total  river  work 

Cofferdam,  D-5  feet linear  feet. 

Rock  excavation cubic  3rard8. 

Plain  concrete do. . . 

Reinforced  concrete do. . . 

Racks pounds. 

Stop  logs  (steel) do. . . 

Gates 

Building square  feet. 


Unit  price. 


385,700 


2,200 

M,500 

26,200 

2,320 

880,000 

102,000 

SO 

4S,000 


$1.23 


Total  intake 

Downtake  shaft,  50  feet  diameter linear  feet. 

Main  tunnel,  48  feet  diameter do. . . 

Tapering  tunnel,  30  feet  mean  diameter do. . . 

Penstock  tunnels,  12  feet  diameter do. . . 

Shafts,  25  feet  square cubic  yards. 


100 
25,000 

630 

2,380 

20,900 


Total  tuxpels , 

Rook  excavation cubic  yards . 

Plain  concrete do. . . 

Reinforced  concrete: 

35  per  cent  steel do. . . 

3  per  cent  steel do. . . 

Tunnel,  43  feet  diameter  circular linear  feet . 

Roof  and  incidental 


Total  surge  tank 

Rock  excavation cubic  yards. 

Cofferdam,  D-16 linear  feet. 

Plain  concrete cubic  yards. 

Reinforced  concrete do. . , 

Building square  feet. 

Rebuilding  trolley  track 


Total  power  house 

Turbines  and  generators horsepower . 

Erection  and  accessories do. . . 

Penstocks,  steel pounds. 

penstock  valves 


Total  equipment. 
Real  estate 


Summation , 


14,300 
1,670 

3,310 
970 
460 


214,900 

950 

40,960 

1,390 

74,000 


10  00 

3.50 

12.00 

25.00 

.10 

.10 

19,000.00 

12.00 


Amount. 


|482,00aoo 


1,185.00 

736.00 

403.00 

125.00 

12.00 


3.00 
15.00 

50  00 
4&00 

9iaoo 


22,000.00 

831,000.00 

315,000.00 

58,000.00 

88,000^00 

10,000.00 

570,000.00 

576,00a00 


ii8,ooaoo 

18,375,000.00 
254,00a00 
298,000.00 
251,000.00 


43,000.00 
25,000.00 

166,000.00 
44,000.00 

422,000.00 
25,000.00 


629,000 

629,000 

1,886,000 

17 


3.50 
90  00 
12.00 
25.00 
15.00 


14.15 

3.30 

.10 

63,000.00 


752,000.00 

86,000.00 

491,000.00 

32,000.00 

1,110,000.00 

6,00a  00 


8,000,000.00 

2,076,000.00 

1«»,090.00 

1,071,000.00 


Total. 


$482,000.00 


1,970,000.00 


19,296,00a0O 


723,000.00 


3,477,000.00 


12,236,00a  00 
100,00a  00 


37,286,0Qa00 
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Table  Na  33. — Pressure  tuntkel  proposition — Summary  of  estitthate  of  construc- 
tion cost — Continued. 


Item. 


ContingeneiflB,  15  per  eent  of  937,286,000 

EiM^ineerfi]^  and  saperintendeDce,  10  per  cent  of 
S37;2»,00O 


SuramAtion 

CeDstnicOoii  interest,  0  per  oeat  of  $40,606^000 


Constmotlati  cost 

Cost  per  liorsepower  for  588,000  banMpoweV  isi 


Qiumtity. 


Unit  price. 


Amount. 


Total. 


S5,568,00a0J 
3,729,000.00 


46,006,000.00 
4,195,000.00 


60,803,000.00 

86  40 


On  plate  No.  33  there  is  shown  an  alternative  location  of  the  tunnel 
under  Sugar  Street,  with  a  boat-shaped  intake  near  the  middle  of 
the  river,  abreast  the  head  of  Conners  Island.  Details  of  the  outline 
design  of  this  intake  and  connection  are  shown  on  plate  No.  38.  It 
was  thought  there  was  an  advantage  in  having  the  tunnel  under 
Sugar  Street,  because  the  right  of  way  might  prove  cheaper  and 
because  a  construction  railway  might  oe  laid  along  this  straight 
street  connecting  all  the  tunnel  shafts  with  spoil  bank  and  so  lessen 
the  cost  of  spoil  disposal.  It  seemed  to  be  advantageous  also  to  have 
the  intake  in  deeper  water  and  farther  from  shore  and  with  a  broad 
expanse  of  water  on  both  sides  of  it  moving  with  moderate  velocity 
in  order  to  insure  sufficient  freedom  from  ice  troubles.  The  disad- 
vantages are  the  greater  length  of  tunnel,  more  costly  intake,  and 
increased  amount  of  tunnel  work  under  the  river  bed.  After  some 
consideration  it  was  decided  that  the  disadvantages  probably  out- 
weighed the  advantages,  and  the  estimate  for  the  altemative  location 
was  not  completed. 

It  might  be  noted  that  it  has  been  proposed  to  place  the  head  gates 
at  the  narrow  part  of  the  intake  near  the  tunnel  entrance,  using 
only  three  or  four  gates,  which  would  necessarily  be  of  large  size. 
It  is  quite  possible  that  such  a  design  might  be  somewhat  less  ex- 
pensive than  the  one  presented  and  that  the  flow  of  water  to  the 
tunnel  could  be  shut  off  more  quickly  by  such  gates. 

Power-canal  proposition, — ^In  designing  the  project  for  an  open 
canal  from  the  upper  river  to  the  Tower  part  of  the  Gorge  very 
extensive  studies  were  made  to  determine  the  most  economical  loca- 
tion for  the  canal.  The  topographic  map,  which  constitutes  plates 
Nos.  13  and  14,  was  used.  This  shows  land  contours  with  2-foot 
interval  over  the  whole  area  between  Sugar  Street  and  Militaiy 
Road,  as  well  as  along  Bloody  Run,  and  also  shows  about  120  rock 
soundings  in  this  area.  On  this  map  36  routes  were  laid  out.  Pro- 
files were  drawn  and  the  relative  economy  of  the  different  routes 
determined.  The  cost  of  bridges  and  real  estate  and  the  annual  value 
of  the  power  lost  were  included  in  the  study,  as  well  ►•<  thtf  cost  of 
rock  excavation,  earth  excavation,  and  concrete.  The  3fi*  routes  were 
well  spaced  over  the  whole  area  between  Sugar  Street  and  Militarv 
Road  and  involved  intakes  at  five  different  points  between  Gill 
Island  and  the  head  of  the  Little  River  behind  Cayuga  Island,  as 
well  as  three  power-house  sites  in  the  Gorge,  namely,  at  the  Devil's 
Hole,  Riverdale  Cemetery,  and  just  above  Fish  Creek. 

The  adopted  location  starts  from  an  intake  in  the  river  just  south 
of  Conners  Island  and  runs  due  north  (along  the  meridian  of  79° 
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01'  W.  longitiide).  As  it  nears  the  Lockport  branch  of  the  New 
York  Central  Railroad  it  bends  to  the  west  on  a  curve  of  about  2,000 
feet  radius  and  crosses  the  tracks  just  east  of  the  railroad  yard. 
Thence  it  runs  approximately  north  30°  west  to  a  fore  bay  at  the  top 
of  the  cliff  north  of  the  Niagara,  Lockport  &  Ontario  Fower  Co/s 
transmission  line  and  west  of  the  Rome,  Watertown  &  Ogdensburg 
branch  of  the  New  York  Central  Railroad.  The  canal  begins  at  the 
north  end  of  the  intake  almost  exactly  on  the  present  shore  line  of 
the  mainland  north  of  Conners  Island  and  ends  at  the  south  end 
of  the  fore  bay,  where  the  west  fence  of  the  railroad  passes  under 
the  center  of  the  transmission  line.  The  length  between  these  points 
is  24,950  feet.  The  canal  bottom  is  given  a  slope  of  0.35  foot  per 
thousand  feet,  or  L848  feet  per  mile.  ...... 

Studies  were  also  made  of  the  piost  economical  cross  section.  The 
wetted  section  adopted  is  56  feet  wide  and  56  feet  deep  at  mean,  stage. 
The  sides  are  channeled  and  the  botto^i  left  as  smooth  as  is  practi- 
cable in  dry-rock  excavation.  It  was  decided  that  it  was  preferable 
not  to  Une  the  bottom  or  sides  with  concrete,  but  to  enlarge  the  cross 
section  sufficiently  to  provide  equivalent  capacity.  For  hydraulic 
computations  the  value  of  "  Kutters  n  "  was  taken  at  0.028.  When 
the  flow  is  20,000  cubic  feet  per  second  the  slope  of  the  water  surface 
is  0.000288  at  mean  stage  and  0.000311  at  standard  low  water.  Where 
the  highest  stage  of  water  in  the  canal  brin^  the  water  surface 
above  the  rock  surface  reinforced  concrete  retaming  walls  are  built 
on  each  side  of  the  canal.  This  condition  obtains  only  at  the  southerly 
end  of  the  route.  The  exposed  sides  of  the  earth  cut  are  given  a  \ 
on. 2  slope.  On  one  side  a  10- foot  berm  on  the  rock  surface  prevents 
earth  from  sliding  into  the  canal.  On  the  other  side  a  25-foot  berm 
is  provided  to  leave  room  for  a  roadway  and  transmission  line. 

Sts^rting  at  deep  water  near  the  middle  of  the  Tonawanda  channel 
of  Niagara  River,  an  approach  channel  1.875  feet  long  is  dredged 
leading  to  the  intake.  This  channel  is  700  feet  wide  by  12  feet  deep 
at  the  upper  end  and  185  feet  wide  by  32  feet  deep  at  the  lower  end, 
at  the  west  end  of  the  intake  arches.  The  intaU^-arch  wall  is  a 
massive  concrete  structure  425  feet  long  and  26  feet  thick,  with  its 
top  6.2  feet  above  mean  stage.  An  ice-diverting  shelf  was  considered 
imnecessary,  partly  because  of  the  location  and  partly  because  of 
the  ice  run  at  the  power  house.  The  intake  wall  is  pierced  by  16 
arches,  each  of  20-foot  span,  15  feet  high  at  the  springings  and  20 
feet  at  the  crown.  The  crowns  are  12  feet  below  standard  low  water. 
The  maximum  velocity  through  these  arches  will  be  3.3  feet  per  sec- 
ond.   The  arches  are  about  1^00  feet  south  of  Connors  Island. 

Behind  the  arches  is  the  bellmouth  approach  to  the  main  canal. 
It  is  2,000  feet  long,  400  feet  wide  at  one  end  and  56  feet  wide  at 
the  other.  The  depth  of  water  varies  from  23  to  56  feet  in  such  a 
manner  as  to  give  a  uniform  acceleration  of  velocity  from  1.50^  to 
6.38  feet  per  second.  On  each  side  is  a  massive  retaining  wall  rising 
to  elevation  570. 

At  the  downstream  end  of  the  canal  is  the  fore  bay.  Starting^  with 
a  wetted  section  56  feet  by  56  feet,  it  expands  in  the  first  500  feet  to 
a  section  130  feet  wide  by  40  feet  deep,  and  at  the  same  time  makes 
H  bend  of  about  30°  to  the  right,  the  velocity  being  uniformly  re- 
tarded from  6.38  feet  to  5.95  feet  per  second.     Then  for  900  feet 
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along  the  face  of  the  rack  house  it  maintains  the  same  depth,  but 
narrows  down  to  a  width  of  25  feet. 

The  rack  house  is  a  building  950  feet  long  and  42  feet  wide  sit- 
uated on  the  west  side  of  the  fore  bay.  The  central  850  feet,  the 
rack  house  proper,  is  divided  into  34  bays  by  concrete  piers  5  feet 
thick  placed  25  feet  center  to  center.  Between  each  pair  of  piers 
is  a  rack  structure.  Entrance  to  each  bay  is  provided  by  a  submerged 
arched  opening  13  feet  high  at  the  springings  and  18  feet  high  in  the 
center.  The  crown  of  the  arch  is  12  feet  below  mean  stage  at  full 
load  on  plant.  Just  above  the  crowns  of  the  arches  runs  a  horizontal 
concrete  "ice-diverting  shelf"  5^  feet  wide.  The  tops  of  the  piers 
and  the  main  floor  of  the  rack  house  are  at  elevation  576,  well  a!bove 
the  highest  possible  surge,  account  being  taken  of  the  spillways  pro- 
vided. The  house  has  the  usual  crane,  rack-raking  equipment^  stop 
logs,  etc.  Every  two  bays  supply  water  to  one  15-foot  circular  pen- 
stock tunnel,  descending  at  an  angle  of  45°.  The  velocity  is  1.75 
feet  per  second  through  the  submerged  arches,  0.98  between  the  piers, 
and  about  1.50  through  the  racks. 

At  each  end  of  the  rack  house  are  two  similar  bays  forming  an  ice 
run.  They  differ  from  the  central  bays  in  that  their  entrances  are 
not  obstructed  by  arches,  and  that,  in  place  of  racks,  each  bay  con: 
tains  a  spillway  with  a  gate  sliding  vertically  in  a  recess  in  the  con- 
crete weir,  and  whose  crest  is  movable  between  elevations  548  and 
576.  Each  pair  of  gates  serves  one  15-foot  circular  ice-run  tunnel 
discharging  under  tne  tracks  of  the  Gorge  Route  Railway.  It  is 
estimated  that  at  mean  stage,  with  a  flow  of  20,000  cubic  feet  per 
second  in  the  canal,  the  discharging  capacity  of  the  two  ice  runs 
ivill  exceed  5,000  cubic  feet  per  second.  With  the  stage  lowered  by 
ice  to  554,  the  capacity  would  still  be  about  3,000  cubic  feet  per  sec- 
ond. When  not  lowered  for  ice  sluicing  it  is  intended  that  these 
gates  be  set  at  an  elevation  a  few  inches  higher  than  the  water  at 
Connors  Island.  They  will  then  serve  as  surge  spillways  in  case  of 
sadden  shutdowns  in  the  power  house.  Before  a  sur^  could  reach 
the  top  of  the  fore-bay  walls  the  spillways  would  be  discharging 
nearly  8,000  cubic  feet  per  second. 

The  penstock  tunnels  extend  downward  at  an  angle  of  45**  for 
about  280  feet ;  then,  by  a  curve  of  240  feet  radius,  become  horizontal 
with  center  lines  at  elevation  265.  This  point  is  reached  about  13 
feet  from  the  flange  of  the  penstock  valve  in  the  east  wall  of  the 
power  house.  The  45-foot  length  of  tunnel  next  to  the  valve  is  12 
feet  in  diameter,  and  has  a  steel  lining.  The  next  25-foot  length 
away  from  the  power  house  is  lined  with  concrete  only,  and  tapers 
from  12  feet  to  15  feet  in  diameter.  The  remaining  412- foot  length 
is  15  feet  in  diameter.  The  mean  velocity  is  6.66  feet  per  second  in 
the  15-foot  section  and  10.42  in  the  12-foot  section. 

The  power  house  and  equipment  are  practically  the  same  as  in 
the  pressure-tunnel  project,  except  that  the  center  lines  of  pen- 
stocks and  valves  are  at  right  angles  to  the  building  instead  of  be- 
inff  on  a  skew. 

The  gross  head  is  313.8  feet.  The  loss  of  head  is  estimated  at  11 
feet,  of  which  7J  feet  is  in  the  canal  itself.  This  gives  a  net  head  of 
302.8'  feet.  With  the  use  of  20,000  cubic  feet  per  second  at  a  com- 
bined turbine  and  generator  efliciency  of  86  per  cent,  the  power  out- 
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put  is  691,000  horsepower,  which  is  29.6  horsepower  per  cubic  foot 
per  second.  This  is  equivalent  to  an  over-all  efficiency  of  83  per  cent. 
Table  No.  34  gives  the  summary  of  an  estimate  of  the  cost  of  this 
project.  The  total  is  $43,679,000,  which  amounts  to  $73.70  per  horse- 
power. Estimated  time  of  development  is  two  and  one-half  years 
for  first  power  and  five  years  for  completion. 

Table  No.  34. — Power  canal  proposition — Summary  of  estimate  of  constmctifm 

cost. 


Itom. 


Drodgine  in  river: 
Hardi 


pan cubic  yards. . 

Rock do — 


Qnantity. 


191,300 
108,700 


Unit  price. 


Amoant. 


Total  river  work 

Cofferdam,  D-lO.fi  feet linear  feet. 

Earth  excavation cubic  yards. 

Roek  excavation do ... , 

Backfill do..., 

Plain  concrete do — 


Total  intake 

Earth  excavation cubic  yards. 

Roch  excavation do. . . 

Backfill do... 

C«icrete  in  rttnfarced  walls do. . . 

Reinforcing  steel pounds. 


4,100 

290,000 

229,000 

28,000 

29,860 


Total  canal 

Total  bridges 

Earth  excavation cubic  yards. . 

Rock  excavation do 

Backfill do.... 

Plain  concrete do — 


1,934,000 

3,400,500 

3dl,000 

25,800 

1,606,000 


$1.25 
6.50 


8289,000.00 
674,000.00 


44.00 

1.76 

3.50 

.45 

12.00 


69,000 

186,000 

11,200 

10,000 


.65 

2.25 

.45 

15.00 

.07 


180,000.00 
507,000.00 
802.000.00 
13,000.00 
478,000.00 


Totalfore  bay , 

Earth  excavation cubic  yards. . 

Rock  excavation do 

Backfill do....l 

Plain  concrete do. . .  ►  i 

Reinforcel  oqncrete. do — 

Building square  feet. . 

Racks :...'....,*:... poundfl. . 

Ice  run  gates 

Stop  logs,  steel-,  for  one  penstock pounds. , 

By-passes  ..►•..,,  j ^ 


12,700 

44,000 

2,300 

25,050 

3,050 

40,000 

2,500,000 

4 

288,000 

17 


1.25 

3.00 

.45 

12.00 


Total  rack  house  and  ice  run 

Circular  tunnels,  15  feet  diameter linear  feet . . 

Tapering  tunnels,  15  to  12  feet  diameter do. . . 

Ciroular  tunnels^  12  feet  diaineter do . . . 


Total  penstock  and  Ice  run  tunnels 

Rock  excavation cubic  yards. . 

Cofferdam,  D— 15 linear  feet. . 

Plain,  c<xicrete cubic  yards. . 

Reinforced  concrete do — 

Building square  feet.. 

Rebuildmg  trolley  track 


8,134 
425 
765 


Total  power  house 

Turbines  and  generators horsepower. . 

Erection  and  accessories do — 

Penstocks,  steel pounds. . 

Johnson  valves 


Total  equipment. 
Real  estate 


Summation 

Contingencies,  15  per  cent  of  132,281,000 

Engineering  and  superintendence,  10  per  cent  of 
$32,281,000 


214,900 

950 

40,950 

1,290 

74,000 


629,000 

629,000 

1,880,000 

17 


1.25 

3.00 

.45 

12.00 

25.00 

12.00 

.10 

17,000.00 

.10 

1,000.00 


1,257,000.00 

7,806,000.00 

118,000.00 

387,000.00 

117,000.00 


86,000.00 

559,000.00 

5,000.00 

120,000.00 


156.00 
154.00 
124.00 


3.50 
90.00 
12.00 
25.00 
15.00 


16,000.00 

132,000.00 

1,000  00 

301,000.00 

76,000.00 
480,000.00 
250,000.00 

68,000.00 

29,000.00 

i7,ooaoo 


1,269,000.00 
65,000.00 
95,000.00 


752,000.00 

86,ooaoo 

491,000.00 

32,000.00 

1,110,000.00 

6,000.00 


14. 15 

3.30 

.10 

63,000.00 


8,900,000.00 

2,076,000.00 

189,000.00 

1,071.000.00 


Summation , 

Construction  interest,  8  per  cent  of  $40,351,000. 


Construct  ion  cost 

Cost  per  horsepower  for  591,000  horsepower. 


Total. 


1913,000.00 


■ 


1,980,000.00 


9,685,000.00 
432,000.00 


770,000.00 


1,370,  OOa  00 


1,429,000.00 


2,477,000.00 


12,236,000.00 
989,000.00 


32,281,000.00 
4,842,000.00 

3,228,00a00 


40,351,000.00 
3,228,«OO.O0 


43,579,000.00 
73.70 
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The  6,000,000  cubic  yards  of  rock  and  earth  excavation  from  this 
project,  exclusive  of  that  from  the  power-house  site  and  penstock 
tunnels,  is  to  be  placed  along  the  shore  of  Niagara  River  between 
Grass  Island  and  Cayuga  Island,  as  shown  on  plate  No.  33.  This 
forms  407  acres  of  desirable  land,  and  furnishes  docking  facilities 
for  a  score  of  ships  of  the  size  which  can  reach  the  harbor  through 
existing  channels.  The  cost  of  hauling  the  spoil  to  this  place  and 
(lumping  it  has  been  included  in  the  ^imates  above.  The  cost  of 
dredging  the  slips,  building  dock  walls,  and  purchasing  adjacent 
land  has  not  been  included,  because  the  value  of  the  new  land  is  esti- 
mated to  more  than  offset  the  cost  of  these  items. 

The  general  plan  of  the  power-canal  proposition  is  shown  on  plate 
No.  33,  and  in  greater  detail  on  plate  No.  39,  where  a  profile  of  the 
selected  route  is  given,  as  well  as  a  large  scale  map.  Plates  Nos. 
40  and  41  present  outline  designs  of  intake,  fore  bay,  and  power- 
house layouts. 

It  is  entirely  possible  that  further  study  might  lead  to  a  slightly 
more  economical  location  for  a  power  canal  and  also  to  a  more 
economical  cross  section.  The  studies  leading  to  the  location  and  sec- 
tion adopted  were  based  on  unit  prices  somewhat  different  from  those 
finally  adopted.  The  change  in  section  might  involve  not  only  varia- 
tion m  width  and  depth  Uiroughout  the  canal  but  also  the  use  of 
concrete  linings  on  sides  or  bottom  and  of  riprap  on  earth  slopes. 

The  above-given  estimates  show  the  two  tunnel  projects  to  be 
practically  equal  in  cost  and  efficiency.  Operation  and  maintenance 
costs  should  also  be  about  the  same.  For  supplying  power  to  the 
factories  now  in  existence  the  tailrace^tunnel  plant  has  an  advantage 
in  location.  For  supplying  new  factories  the  two  stand  on  an  equal- 
ity. Neither  scheme  can  compete  financially  with  the  canal  proposi- 
tion, which  is  both  cheaper  and  more  efficient.  The  estimated  con^ 
stniction  cost  per  horsepower  of  the  power  canal  development  is 
only  about  85  per  cent  of  that  of  the  tunnel  projects.  Its  slightly 
greater  operation  and  maintenance  costs  leave  it  still  decidedly 
cheaper  than  the  others  in  point  of  cost  of  electric  ener^  produced. 

There  are  certain  serious  defects  inherent  in  the  tailrace  tunnel 
proposition  which  make  it  a  project  of  very  doubtful  advisability 
both  from  a  construction  and  from  an  operating  standpoint.  The 
construction  difficulty  lies  in  the  fact  that  almost  the  whole  of  the  tun- 
nel would  necessarily  be  below  I^ke  Ontario  level,  where  difficulty 
with  ground  water  would  be  almost  certain  to  occur.  While  it  might 
be  found  that  water  would  not  accumulate  in  sufficient  quantity  to 
give  appreciably  more  trouble  than  in  the  higher  level  pressure 
tunnel,  there  is  a  large  chance  that  the  trouble  would  be  consider- 
able. No  allowance  has  been  made  in  the  estimate  for  this  serious 
possibility. 

From  an  operating  point  of  view  there  are  two  important  draw- 
backs. In  the  first  place  it  may  be  advisable  to  maintain  a  large 
pumping  plant  at  one  end  or  the  other  of  the  tunnel,  preferably  the 
lower  end,  and  to  provide  some  sort  of  emergency  gates  at  the  lower 
end  in  order  to  be  able  to  unwater  the  tunnel  should  it  ever  become 
necessary.  Without  such  equipment  great  loss  of  time  would  ensue 
in  unwatering.  With  the  equipment  all  ready,  it  would  take  some 
time  to  pump  out  such  a  Iwre.  The  equipment  might  stand  idle 
for  10  years  at  a  time.    The  present  tunnel  of  the  Niagara  Falls 
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Power  Co.  unwaters  itself,  because  it  is  higher  than  the  water  into 
which  it  discharges,  except  right  at  the  outfall.  The  tunnel  under 
consideration  in  the  tailrace-tunnel  proposition  would  have  to  be  as 
low  as  the  tailwater  level  or  great  loss  of  power  would  result.  In 
the  second  place  there  is  the  matter  of  surges  in  a  tailrace  tunnel  so 
constructed.  These  might  be  very  serious  indeed,  and  no  way  of 
calculating  or  forecasting  them  has  yet  been  developed.  Serious 
surges  have  never  occurred  in  the  present  tailrace  tunnels  at  Niagara 
Falls,  but  conditions  in  them;  are  not  at  aU  comparable  with  condi- 
tions in  a  low-level  tunnel  48  feet  in  diameter  ana  5  miles  long,  serv- 
ing units  of  three  to  five  times  the  power.  With  proper  draft  tube 
efficiency  the  center  of  the  turbine  will  have  to  be  approximately  20 
feet  above  the  tail-water  elevation,  and  even  slight  variations  in 
this  level  will  reduce  efficiency  and  impair  speed  regulation,  while 
large  sudden  changes  would  render  speed  regulation  impossible 
and  might  produce  shock  and  impact,  causing  serious  stresses  in  the 
machinery.  The  regidators  adopted  for  controlling  surges  in  open 
canals  and  pressure  tunnels  do  not  appear  to  be  adapted  to  the 
control  of  such  a  tunnel.  Regulating  reservoirs  in  the  rock  near  the 
upstream  end  of  the  tunnel  would  involve  prohibitive  expense.  The 
estimates  do  not  include  any  pumping  plant  or  tunnel  gates  or  any 
regulators  other  than  the  synchronous  relief  valves  on  the  penstocks. 
These  latter  would  aid  considerably  in  preventing  surges,  but  their 
sufficiency  is  problematical. 

If  construction  of  the  tailrace-tunnel  proposition  was  undertaken, 
it  might  be  found  that  groimd  water  gave  no  special  trouble.  It 
might  never  become  necessarv  to  unwater  the  tunnel  after  its  com- 
pletion. In  operating  the  plant  there  might  never  be  any  serious 
difficulty  from  surges,  particularly  in  view  of  the  use  of  synchronous 
relief  valves.  It  is  believed,  however,  that  the  chances  of  serious 
trouble  along  the  lines  indicated  are  sufficiently  great  to  make  the 
project  of  very  doubtful  advisability. 

There  is  one  important  objection  to  the  pressure-tunnel  proposi- 
tion, although  it  is  not  serious.  It  is  this:  If  one  of  the  penstock 
valves  requires  cleaning  or  repaire  it  will  be  necessary  to  shut 
down  the  entire  plant  and  drain  the  tunnel.  The  plant  would  then 
remain  down  while  repairs  were  being  made  unless  the  job  was 
a  long  one,  in  which  case  the  penstock  tunnel  leading  to  the  valve 
would  be  bulkheaded  and  the  plant  started  up,  a  second  shutdown 
being  required  to  remove  the  bulkhead.  This  difficulty  could  be 
obviated  by  adopting  the  construction  advocated  by  the  old  Niagara 
Falls  Power  Co.  and  Hugh  L.  Cooper  &  Co.,  of  leading  the  main 
tunnel  up  to  a  fore  bay  at  the  top  of  the  bank,  from  which  water 
would  be  fed  to  the  turbines  in  long  penstocks,  as  in  the  power- 
canal  proposition.  Such  a  construction  would  be  much  more  expen- 
sive and  less  efficient,  and  does  not  appear  justifiable.  Other  and 
cheaper  means  which  might  prove  satisfactory  have  been  suggested 
for  at  least  greatly  lessening  the  force  of  this  objection. 

The  power-canal  proposition  presents  some  objections,  none  of 
which  seem  serious.  From  a  construction  point  of  view  there  is  no 
particular  difficulty  involved,  and  from  an  operating  viewpoint  the 
only  possibility  of  trouble  is  in  the  formation  of  ice  in  the  canal. 
Under  full  operating  conditions  the  current  in  the  canal  will  be  too 
swift  to  permit  ice  formation  to  any  extent.    When  the  plant  first 
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commences  to  operate  on  one  or  two  units,  the  current  in  the  canal 
will  be  very  slow  and  ice  may  form.  There  is,  of  course,  the  pos- 
sibility that  the  plant  might  be  shut  down  for  several  davs  during 
freezing  weather,  but  this  is  remote,  and  it  appears  even  less  likely 
that  both  ice  runs  would  be  out  of  commission  at  such  a  time.  The 
most  important  objection  seems  to  be  the  presence  of  a  large  canal 
extending  for  miles  through  or  near  the  city,  with  the  necessity  for 
bridge  maintenance  and  all  the  attendant  inconveniences.  By  dis- 
posing of  the  spoil  along  the  shore  of  Niagara  Biver,  as  suggested, 
there  would  not  be  the  added  objection  or  enormous  piles  of  rock 
and  earth  along  the  sides  of  the  canal.  The  canal  would,  neverthe- 
less, partiallv  prevent  the  use  of  valuable  land  for  other  purposes, 
form  a  dividing  line  disadvantageous  to  street  and  sewer  systems, 
and  cause  the  city  or  the  company  extra  expense  for  building  and 
maintaining  bridges  as  the  city  grew. 

In  the  pressure-tunnel  and  power-canal  propositions  the  use  of 
generating  units  of  more  than  37,000  horsepower  each  is  readily 
possible.  The  Hydroelectric  Power  Commission  of  Ontario  is  said  to 
have  decided  upon  units  of  52,500  horsepower  each  for  its  new  de- 
velopment. The  use  of  units  of  60,000  horsepower  each  has  been 
suggested.  Such  units  would  very  likely  be  less  expensive  per  horse- 
power than  those  included  in  the  estimates.  The  manufacturers  were 
not  prepared  to  make  estimates  on  such  units.  The  37,000-horsepower 
imits  proposed  are  to  embody  the  most  recent  improvements,  includ- 
ing either  the  hjdraucone  or  an  equally  efficient  form  of  draft  tube. 

Further  consideration  of  and  comparisons  of  these  proposed  de- 
velopments are  given  in  Section  F-10,  where  the  influence  of  such 
factors  as  rate  of  absorption  of  power,  selling  price  of  power,  and 
cost  of  promoting  and  financing  is  pointed  out. 

4.  PROPOSED  PLANTS  DIVIDING  DIVERSION  BUT  USING  FULL  HIIAD  IN  ONE 

0TAQB. - 

The  projects  described  previously  for  utilizing  the  full  head  are 
all  based  on  the  use  of  20,000  cubic  feet  per  second  in  a  single  plant. 
If  this  amount  is  to  be  used,  there  seems  to  be  no  advantage  in  having 
several  plants  whose  total  diversion  amounts  to  20,000  cubic  feet 
per  second.  The  cost  of  building  two  or  more  plants  of  the  same 
total  capacity  would  be  a  little  greater  than  the  cost  of  a  single  one, 
and  the  cost  of  operation  would  be  somewhat  greater.  In  case  a 
revision  of  the  treaty  with  Great  Britain  allowed  a  greater  diversion 
than  20,000  cubic  feet  per  second,  it  might  be  well  to  develop  the 
total  quantity  in  two  or  more  parallel  plants.  A  discussion  of  the 
proper  limits  to  diversions  around  the  Falls  and  around  Whirlpool 
and  Lower  Rapids  has  been  given  in  section  E  of  this  report.  Should 
the  desirability  become  apparent,  a  second  plant  could  be  constructed 
later  for  developing  an  additional  10,000  or  20,000  cubic  feet  per 
second. 

The  canal  project  could  easily  be  doubled  in  size  when  first  con- 
structed, and  the  result  would  probably  be  a  slight  increase  in  effi- 
ciency and  decrease  in  development  cost  per  horsepower.  A  single- 
pressure  or  tailrace  tunnel  to  carry  30,000  or  40,000  cubic  feet  per 
second  seems  impracticable,  and  the  requirement  of  constructing  two 
tunnels  for  such  a  diversion  precludes  any  chance  of  appreciable 
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gain  in  efficiency  or  economy  in  such  a  development  over  the  single 
iiO,000  cubic  feet  per  second  development.  In  case  a  second  like  quan- 
tity were  developed  later,  under  like  conditions,  the  entire  works 
would  simply  be  duplicated,  including  a  new  tunnel  or  canal^  as  the 
case  might  be.  This  procedure  would  be  more  economical  ultimately 
than  a  method  involving  enlargement  of  the  then  existing  canal  or 
tunnel. 

5.   PROPOSED   PLANTS   DR^IDINO   DIVERSION   AND   DIVIDING   HEAD. 

From  the  Chippawa-Grass  Island  pool  to  the  Maid  of  the  Mist  pool 
there  is  a  gross  head  of  about  220  feet.  The  existing  plants  aU  use 
this  head,  or  pait  of  it.  It  is  possible  to  use  the  two  present  Ameri- 
can plants,  or  one  of  the  pi*esent  ones  and  one  new  one,  of  the  same 
head,  combined  with  a  development  using  the  same  diversion  under 
the  90  feet  of  head  in  the  rapids  below  the  Falls.  Any  rational 
plan  must  involve  the  abandonment  of  the  Niagara  plant  of  the 
Niagara  Falls  Power  Co.  because  of  its  incurable  inefficiency.  The 
same  is  true  to  a  lesser  extent  of  the  Hydraulic  Power  Co.'s  sta- 
tion 2.  It  then  remains  only  to  consider  a  new  development,  which, 
combined  with  the  Hydraulic  Power  Co.'s  station  3,  will  utilize 
20,000  cubic  feet  per  second  under  the  220-foot  head,  and  another 
plant  which  will  utilize  20,000  cubic  feet  per  second  under  the  90- foot 
head.  Outline  plans  and  estimates  for  such  an  installation  have 
been  prepared.  In  Section  E-6  a  plan  is  considered  which  resembles 
this  one,  but  in  which  the  220-foot  development  is  a  simple  matter 
of  one  tunnel  and  one  power  house.  The  scheme  here  treated  has  a 
tunnel,  a  canal,  and  two  power  houses.  To  distinguish  them,  this 
one  will  be  called  the  compound  2-stjage  proposition  and  the  other 
one  the  simple  2-stage  proposition. 

CoinpouTid  2-8tage  proposition. — The  hydraulic  canal  and  station 
3  of  the  Hydraulic  Power  Co.  have  already  been  described  in  Sec- 
tion F-2  ot  this  report.  With  station  2  shut  down,  the  maximum 
capacity  of  this  plant  at  mean  stage  is  about  6,650  cubic  feet  per 
second  and  130,000  horsepower.  The  present  flow  through  the  canal 
is  about  8,000  cubic  feet  per  second.  Investigation  showed  that  it 
would  be  impossible  to  enlarge  the  canal  to  a  capacity  of  20,00i) 
cubic  feet  per  second  without  greatly  reducing  the  present  power 
output  for  many  months  while  construction  was  in  progress.  The 
demand  that  the  present  supply  of  power  be  furnished  without  inter- 
ruption is  so  important  that  such  a  course  is  practically  impossible. 
As  a  new  canal  through  the  heart  of  the  city  is  out  of  the  question 
as  regards  both  expense  and  desirability,  the  plan  adopted  involves  a 
tunnel  from  Port  Day. 

The  general  outline  designs  are  shown  on  plates  Nos.  33,  42,  43,  44* 
and  45. 

An  approach  channel  is  to  be  dredged  in  the  river.  This  channel 
is  curved  in  plan  and  extends  from  deep  water  1,300  feet  south  of 
Grass  Island  to  the  canal  entrance  at  Port  Dav.  It  is  3,000  feet  lonjr- 
300  feet  wide,  and  20f  feet  deep  at  mean  stage.  Near  the  outer  end 
of  this  channel  a  new  ice-diverting  stnicture  is  built,  consisting  of 
strongly  trussed  booms  floating  between  concrete  piers.  The  Port 
Day  entrance  south  of  Buffalo  Avenue  is  dredged  to  a  depth  of  20 
feet  on  the  east  side  and  36  feet  on  the  west.    Beyond  Buffalo  Avenue 
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about  88^000  yards  of  rock  are  dredged  from  the  canal,  effecting  an 
average  deepening  of  about  5  feet  and  enabling  it  to  carry  10,000 
^ubic  feet  per  second  with  a  fall  to  the  basin  of  only  about  2.2  feet. 

Along  the  west  side  of  the  Port  Day  entrance  a  tunnel  iittake  is 
built.  Fifteen  panels  of  racks  are  supported  between  concrete  piers 
44  feet  high,  45  feet  long,  and  5  {e?X  thick,  placed  25  feet  center  to 
center.  The  water  enters  the  space  between  the  piers  through  sub- 
merged arches  21  feet  high  at  the  springings  and  26  feet  at  the  crowns. 
Behind  the  racks  are  gates  for  use  if  it  is  desired  to  drain  the  tunnel. 
The  entering  water  has  a  velocity  of  about  1.85  feet  per  second 
through  the  arches,  0.94  between  the  piers,  and  1.3  through  the  racks. 

The  tunnel  forebay  runs  behind  the  rack  house.  It  is  20  feet  wide 
by  36  feet  deep  at  the  south  end,  and  55  feet  wide  by  56  feet  deep  at 
the  north.  The  velocity  in  it  varies  from  1  to  3^  feet  per  second. 
From  the  north  end  of  this  forebay  a  short  bellmouth  section  leads 
the  water  into  the  tunnel,  where  it  attains  a  mean  velocity  of  9.68 
feet  per  second. 

The  tunnel  is  of  horseshoe-shaped  cross  section  35  feet  in  diameter. 
The  top  half  is  a  35- foot  semicircle ;  below  that  the  sides  and  invert 
each  have  a  radius  of  70  feet.  The  lining  is  of  concrete  22  inches 
thick.  At  the  start  the  tunnel  slants  downward  at  a  slope  of  2  hori- 
zontal to  1  vertical  for  about  150  feet,  then  makes  a  vertical  curve 
of  125-foot  radius  and  adopts  a  slope  of  6  feet  per  1,000.  This  brings 
it  well  below  the  city  sewer  tunnels  and  above  the  tunnel  of  the 
Niagara  Falls  Power  Co.  In  plan  the  tunnel  starts  with  a  curve  to 
the  left  with  a  radius  of  1,275  feet.  It  then  has  a  tangent  bearing 
north  54°  west,  followed  by  a  curve  to  the  right  with  a  radius  of  430 
feet.   The  whole  length  is  4,240  feet. 

For  hydraulic  computations,  Kutter's  "N"  was  taken  at  0.013. 
This  gave  a  slope  of  0.000439,  and  loss  of  head  in  the  tunnel  of  1.86 
feet. 

Near  the  lower  end  of  the  main  tunnel  a  circular  tunnel  30  feet  in 
diameter  rises  to  a  "differential"  surge  tank  in  the  open  space  be- 
tween the  flumes  which  supply  water  to  station  2.  The  tank  is  of 
concrete,  95  feet  in  diameter,  and  rises  45  feet  above  the  ground. 

Beyond  the  end  of  the  35-foot  tunnel  is  a  tapering  section  325 
feet  long.  From  this  seven  penstock  tunnels  branch  off  at  an  angle 
of  60°.  They  are  circular,  15  feet  in  diameter,  and  average  about 
325  feet  long.  They  enter  a  power  house  similar  in  design  and  equip- 
ment to  that  of  the  pressure-tunnel  project,  but  containing  only  10 
units,  each  rated  at  32,000  horsepow^er  maximum.  Best  efficiency  of 
these  units  is  specified  at  about  30,000  horsepow^er.  Seven  of  the 
units  are  supplied  by  the  tunnel  as  described  above.  The  other  three 
are  supplied  from  the  canal. 

The  intake  for  the  three  units  supplied  from  the  canal  is  on  the 
went  side  of  the  basin,  between  the  central  mill  and  the  Schoelkopf 
&  Mathews  mill  of  the  Niagara  Milling  Co.  The  south  branch  of  the 
basin  is  filled  in  and  the  north  branch  widened  to  100  feet  abreast  the 
intake.  The  face  of  the  intake  is  flush  with  the  west  wall  of  the 
canal.  It  admits  water  through  eight  submerged  arches  9  feet  high 
to  the  springings  and  14  feet  to  the  crowns.  The  span  of  each  arch 
is  16  feet,  the  crown  being  9  feet  below  mean  stage.  The  piers  be- 
tween arches  are  4  feet  thick.  After  passing  the  submerged  arches 
the  water  flows  between  the  same  piers,  which  serve  to  hold  up  the 
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roadway.  Behind  the  piers  the  water  enters  a  small  forebay,  passes 
through  a  continuous  line  of  racks,  between  a  set  of  deep  reinforced- 
concreJ»  girders  supporting  the  racks,  and  enters  the  three  15-foot 
penstock  tunnels,  each  350  feet  long.  The  velocity  is  2.63  feet  per 
second  through  the  arches,  from  1^  5)  1  between  the  piers,  and  about 
1.4  through  the  racks,  0.93  between  the  girders,  and  8.2  in  the  pen- 
stock tunnels.  There  are  no  gates,  but  S:op  logs  behind  the  arches 
serve  to  shut  off  the  whole  flow. 

The  power  house  on  the  talus  slope  is  of  the  same  general  type  as 
already  described  in  the  pressure-tunnel  proposition,  being  equipped 
with  penstock  valves  and  vertical  generating  units.  A  lower  part  of 
the  building  over  the  tailraces  contains  bus  bars,  oil  switches,  and 
other  accessories. 

The  mean  stage  of  water  surface  at  Port  Day  is  562  feet,  and  in 
the  lower  river  abreast  of  the  power  house  343,  giving  a  gross  head  of 
219.  For  the  three  units  fed  from  the  basin  the  losses  are  estimated 
at  4.5  feet.  Net  head  is  214.5  feet.  For  the  other  seven  new  units 
the  losses  are  5  feet  and  the  net  head  214.  For  station  3  the  losses  are 
4  feet,  exclusive  of  forebay,  rack,  and  penstock  losses,  and  the  net 
head  is  215  feet.    Table  No.  35  gives  the  power  output. 

Table  No.  35. — Potoer  output  of  compound  two-stage  proposition. 


Units. 


3  new,  from  basin 

7  new,  from  tunnel 

6  direct-current,  station  3 

8  alternating  current,  station  3  (only  6  operated) 

Total 


Water  re- 
quired 
f  cubic  feet 
per  second.) 


4,3G0 

10,150 

2,250 

3,250 


20,000 


Horse- 
power 
produced. 


91,000 

212,000 

42,000 

64,000 


409,000 


Maximum 
Horse- 
power 

capacity. 


96,000 

224,000 

43,000 

97,000 


450,000 


The  horsepower  produced  is  20.4  per  cubic  foot  per  second. 

It  will  be  seen  that  the  installation  has  a  spare  capacity  of  41,000 
horsepower,  which  permits  shutting  down  any  one  unit  without  re- 
ducing the  power  output. 

The  estimated  cost  of  new  construction  in  this  proposition  is 
$21,183,000,  which  is  $51.80  per  horsepower,  exclusive  of  the  original 
cost  of  these  parts  of  the  existing  plant  incorporated  in  the  design. 
Details  are  given  in  the  estimate  summary.  Table  No.  36.  The  esti- 
mated time  of  development  is  one  year  for  the  first  x)ower  and  three 
and  one-fourth  years  for  completion. 

Table  No.  36. — Compound  two-siage  proposition — Summary  of  estimate  of  con- 
struction cost. 


Item. 


UFPEB  STAGE. 

Dredging  in  river,  hardpan cubic  yards. 

loe  protection,  piers  and  booms lump. 

Total  liver  work 

Cofferdam,  D-22  feet linear  feet . 

Earth  excavation cubic  yards. 

Rock  excavation do... 


Quantity. 


293^000 


400 
10,100 
47,000 


Unit  price. 


$1.25 


104.00 
1.75 
3.60 


Amount. 


1366^000.00 
200,000.00 


78,000.00 

28w  000.00 

167,000.00 


Total. 


$506,000.00 
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Table  No.  36.— Coinpoutkl  tioihstage  propoBitUH^—Summarp  of  estimate  of  oon- 

HructUm  eost — Continued. 


Xtam. 


UTPKB  8TAOB— contiiined. 

Plain  concrete cubic  yards. 

Reinforced  concrete do... 

Steel  reinfofcement,  extra pounds. 

Racks,  steel do... 

Stop  logs,  steel do... 

Gates 

Building square  feet. 

Total  Port  Day  intake 

Horseshoe  tunnel,  35  feet  diameter linear  feet. 

Tapering  tunnel,  25  feet  mean  diameter do. . . 

Circular  tunnel: 

30  feet  diameter  riser do . . . 

15  feet  diameter do... 

Shafts,  25  feet  square cubic  yards. 


Total  tunnels 

Rode  excavation do . . . 

Earth  excavation do . . . 

Reinforced  concrete: 

2^  per  cent  steel do... 

l|  per  cent isteel do.., 

Plain  concrete do. . . 

Roof  and  incidentals 


Total  diffefflntial  surge  tank 

Dredging  hydzaulic  canal  entrance,  rock,  cubic 
yards. 


Dredg;ing  in  hydraulic  canal,  rock do... 

Dredging  in  basin,  rock do.., 

Widening  basin,  rock,  nearly  all  dredging. . .  .do. . . 
Concrete  retaining  walls do . . , 


Total  canal  work 

Rock  excavati(m cubic  yards . 

Plain  concrete do... 

Reinloned  concrete do... 

Racks pounds. 

Stop  logs do... 

Building square  feet. 


Total  basin  Intake 

Cofferdam,  D-15 linear  feet. 

Rock  excavation cubic  yards. 

Plain  concrete do. . . 

Reinforoed  concrete do... 

Building: 

Hi|S  portion square  feet. 

Low  portion do... 


Total  powerhouse , 

Penstocks,  steel pounds.. 

Penstock  valves , 

Turbines  and  gencretors horsepower.. 

Erection  and  accessories do 


Total  equipment. 
Real  estate 


Summation 

Contingencies,  15  per  cent  of  $10,  laSL  000 

EneinecTinguid superintendence,  10  per  eent  of 


Summation 

Construction  interest,  6  per  cent  of  $20, 174^  000. 


-Oonstmction  oost 

Cost  per  horsepower  for  400, 000  horsepower. 


LOWXB  STAOa. 

Reversing  taHraees,  upper  station 

Revenue  from  power  lost  when  reversing  taflraces. « 


Total  reversing  unper  plant  discfaar«e 

CIrcolar  taHraoe  tunnel: 

10  feet  diameter linear  feet 

10  fret  diameter do... 

4  feet  diameter do... 


Quantity. 


11,390 

080 

10^000 

1,005,000 

64,500 

15 

18^450 


4,240 
325 

210 
3,328 

12,800 


Unit  price.  I    Amount. 


02.00 

25.00 

.07 

.10 

.10 

15^000.00 

12.00 


3,540 
1,500 

900 
220 
500 


450.00 
325.00 

549.00 

157.00 

12.00 


40,700 

78,700 

4,600 

8,400 

3,650 


21,800 

3,120 

1,960 

584,000 

172^900 

8,200 


560 

52,900 

22,600 

4,200 

86^100 
14,680 


781,000 

10 

320,000 

820^000 


1,250 

2,580 

410 


3.75 
1.50 

40.00 
30.00 
15.00 


25.00 
25.00 
25.00 
20.00 
15.00 


3.50 

15.00 

25.00 

.10 

.10 

12.00 


90.00 

8.80 

12.00 

26.00 

16.00 
12.00 


.10 

83,000.00 

16.20 

3.40 


167.00 

106.00 

45.00 


1137,000.00 

24,000.00 

7,000.00 

100,000.00 

6,000.00 

225,000.00 

221,000.00 


1,900,000.00 
106,000.00 

115,000.00 
522,000.00 
154,000.00 


13,000.00 
2,000.00 

36,000.00 
7,000.00 
9,000.00 

10,000.00 


1,018,000  00 

1,968,000  00 

115,000.00 

168,000.00 

55,000  00 


76,000.00 
47^000.00 
49,000  00 
68,000.00 
17,000.00 
96,000.00 


50,000.00 
185,000.00 
271,000.00 
106,000.00 

626,000.00 
176,000.00 


78,000.00 

530,000.00 

4,864,000.00 

1,088,000.00 


160,000.00 
600, 000. 00 


200,000100 
271,Q0a00 

i8,ooaoo 


Total. 


1098,000.00 


2,806,000.00 


77,000.00 


3,824,000  00 


345,000.00 


1,312,000.00 


6,560,000.00 
156,000.00 


16,139,000.00 
2,421,000.00 

1,614,000.00 


20,174,000.00 
1,009,000.00 


21,183,000.00 
51.80 


660,000.00 
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Table  No.  36. — Compouml  tico-ttiige  proposition — Summary  of  estimate  of  con- 
struction co«*--Conttnued. 


Jtem. 


LoWEB  STAQE— continued. 

Taper  horseshoe  tunnd,  mmn  diameter  39  feet, 
linear  feet 

Horseshoe  tunnd,  48  feet  diameter liiuar  feet. . 

Taper  horsoshoe  tunnel,  mean  diameter  32  feet, 
Imear  feet 

Circular  penstock  tuimcls,  LS  fnet  diameter,  linear 
feet 

Shafts,  25  feet  square cubic  yards. 


Quantity. 


Unit  price.      Amount 


Total  tunnels 

Circular  timnel,  16  feet  diameter linear  feet. . 

Shaft cubic  yarda. . 

Pl*un  concrete do 

Steel,  penstock,  etc pounds. . 

Penstock  valve,  16  feet  diameter 

Miscellaneous 


1,195 
19,900 

665 

1,850 
31,970 


140 

4,130 

640 

138,500 

1 


Total  by-pajs 

Rock  excavation cubic  yards. 

Plain  concrete ".do. . . 

Reinforced  concrete do. . . 

Cofferdam,  D-10  feet linear  feet. 

Horseshoe  tunnel,  30  feet  diameter do. . . 

Building «;quare  feel . 

Gates,  stool pounds. 

Special  machinerv  for  gates 

Rebuilding  Gorge  route  tracks 


.! 


78,000 

14,810 

630 

3C0 

240 

.5,700 

1,030,000 


1580.00 
735.00 

440.00 

I'Se-OO 
12.00 


167.00 

12.00 

15.00 

.10 

53.000.00 


S693,000.0n 
14,626,000.00 

2(»,000.00 

289,000.00 
384,000.00 


23,ooaoo 

50.000.00 
10,000.00 
14,000.00 
53,000.00 
5,000.00 


Total  su'-go  spillway 

Rock  excavation cubic  yards.. 

Cofferdam,  D-15  feet linear  feet. . 

Plain  concrete cubic  yards.. 

Reinforced  concrete *  do 

Building square  feet. . 

Rebuilding  Gorge  route  tracks 


Total  powerhouse 

Penstocks,  steel pounds. . 

Synchronous  relief  valves 

Do 

Tiu-bines  and  generators horsepower. . 

Erection  and  accessories .do 

Penstock  valves 

Interlocking  signalling  and  operating  equipment. . . 


186,300 

800 

m,150 

1,060 

64,600 


Total  equipment. 
Real  estate 


082,500 

10 

13 

182,  OfX) 

182,000 

14 


3.50 
12.00 
25.00 
40.00 
366.00 
12.00 
.10 


3.50 
90.00 
12.00 
25.00 
15.00 


273,00a00 
178,000.00 
16.000.00 
12,000.00 
88,000.0U 
6S00O.00 
103,000.00 
.V),  000. 00 

2,ooaoo 


Summation I 

Condngenci&s,  15  per  cent  of  $25,173,000 ' 

Engineering  and  >uporintendence,  10  per  cent  of 
©5,173,000 


Summation 

Construction  interest,  0  per  cent  of  $31,406,000. 


.10 
10,000.00 

5,ooaoo 

16.30 

3.50 

43,000.00 


632,000.00 
72,000.00 

434,000.00 
26.000.00 

96o,ooano 

5,000.00 


98,000.00 
100,000.00 

65,000.00 

2,967,000.00 

637,000  00 

602,000.00 

50,000.00 


Constrnction  cost 

Cost  per  horsepower  for  164,000  horsr-power. 

BOTH  .STAGES  COMBINED. 


Coustrueliot)  cost  uf  upper  stage. 
Construction  cost  of  lower  stage . 


Constrnction  cose  of  entire  proposition. 
Coat  per  horsepower  for  573,000  horsepower. . 


I 


Total. 


$16,783,000.03 


,i        ISTsOOCOO 


790.000.00 


2,138,000.00 


4,519.000.00 
108,000.00 


25,173.000.00 
.1,776,000.00 

2,517,00&00 


31,466,000.00 
2,832,000.00 


34,298,000.00 
209.10 


21,183,000100 
31,2»8,0Ga00 


55.481,  OOa  00 
96.  HO 


For  the  lower  stage  plant  two  methods  present  themselves.  The 
water  from  the  upper  stage  tailraces  may  be  collected  and  used  again, 
or  it  may  be  tuiTied  into  the  Maid  of  the  Mist  pool  and  the  water 
required  for  the  lower  plant  taken  independently  from  that  pool  at 
some  point  near  the  railroad  bridges.  The  second  method  is  ob- 
viously cheaper  as  regards  original  construction,  for  it  shortens  the 
length  of  tunnel  required  by  about  a  mile.    It  also  provides  for  a 
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much  more  flexible  and  independent  operation  of  the  two  plants. 
There  are,  however,  three  serious  objections  to  this  plan.  In  the 
winter  the  Maid  of  the  Mist  pool  often  carries  enormous  quantities 
of  ice.  The  same  amount  of  ice  w^hich  passes  the  intakes  on  the  upper 
river,  distributed  over  a  waterway  from  5,000  to  7,500  feet  wide,  will 
pass  this  intake  with  a  width  of  waterway  of  only  500  to  1,000  feet, 
depending  on  the  intake  location.  It  can  be  expected  from  this  con- 
centration that  ice  trouble  will  be  maiiV  times  as  great  as  in  the  cases 
of  the  present  plants,  whose  troubles  have  often  been  severe.  Ice 
bridges  frequently  form  in  the  upper  part  of  the  pool,  and  then  move 
down  as  a  solid  mass  until  they  are  broken  up  at  tne  railroad  bridges. 
The  second  disadvantage  of  an  intake  in  this  pool  arises  from  the 
violent  fluctuation  in  surface  level  to  which  it  is  subject.  These 
changes  in  water  surface  elevation  arc  at  present  more  than  four  times 
as  great  as  in  the  Chippawa-Grass  Island  pool.  Systematic  records 
of  the  fluctuations  are  not  available,  but  the  records  during  the 
winter  of  1917-18  of  a  gauge  maintained  by  the  Hydraulic  Power  Co. 
showed  a  range  from  336.5  to  356  feet.  The  r»nge  during  a  number 
of  years  must  be  much  greater.  If  40,000  nibic  feet  per  second  is 
diverted  around  the  Whirlpool  Rapids,  the  level  of  the  Maid  of  the 
Mist  pool  will  be  lowered,  the  amount  of  lowering  being  greater  at 
low  than  at  high  stages.  At  the  low  stage  of  January  28,  1918,  the 
level  would  have  been  reduced  from  336.5  to  330.4  feet.  For  a 
diversion  of  80,000  cubic  feet  per  second  the  level  would  have  been 
about  323.5  feet.  The  third  objection  is  that  floating  weeds  and 
trash,  a  very  bothersome  amount  of  which  sometimes  comes  down  the 
river,  must  a^ain  be  separated  from  the  water  in  the  second  method, 
while  in  the  nrst  method  there  is  no  chance  for  a  second  accumulation. 

It  appears,  therefore,  that  an  intake  in  the  Maid  of  the  Mist  pool 
must  be  so  designed  as  to  be  able  to  handle  floating  weeds  and  trash, 
ice  jams,  vast  quantities  of  floating  ice,  and  fluctuations  of  stage  as 
^reat  as  30  feet.  The  turbines  served  by  such  an  intake  will  be  sub- 
ject to  fluctuations  of  head  amounting  to  more  than  30  per  cent  of 
the  mean  net  head,  which  means  considerable  reduction  in  the  amount 
of  continuous  power  they  can  turn  out,  lessened  efficiency,  and  in- 
creased difficulties  of  operation. 

In  view  of  these  facts,  it  was  decided  that  any  lower  stage  plant 
should  b€  of  the  type  not  taking  water  from  the  Maid  of  the  Mist 
Pool,  and  the  outline  plans  prepared  therefore  provide  for  gathering 
the  discharge  from  the  upper  head  plant  before  it  is  permitted  to 
enter  the  Maid  of  the  Mist  pool. 

The  draft  tubes  of  station  3  and  of  the  new  upper  stage  plants  are 
reversed  and  discharge  away  from  the  river  into  tailrace  tunnels 
which  are  10  feet  in  diameter  for  the  station  3  units  and  16  feet  for 
the  new  ones.  These  tunnels  join  a  gradually  enlarging  main  tail- 
race  tunnel  which  reaches  48  feet  in  diameter  at  the  point  where  it 
receives  the  tunnel  from  the  last  unit.  A  16- foot  by-pass  tunnel  with 
a  valve  connects  the  headrace  tunnel  with  the  tailrace  tunnel  to 
supply  water  to  the  lower  plant  when  part  of  the  upper  plant  is  shut 
downJ  All  the  turbines  in  the  upper  plants  are  provided  with  syn- 
chronous relief  valves. 

The  main  tunnel  is  of  horshoe-shaped  cross-section,  48  feet  in 
diameter,  side  and  bottom  radii  96  feet.    Its  hydraulic  properties  are 

2788^-21 ^21 
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exactly  the  same  as  those  of  the  tunnel  described  in  Section  F^  of 
this  report  under  the  heading  "Tailrace  tunnel."  It  is  19,900  feet 
long. 

To  allow  the  upper  plant  to  operate  at  times  with  a  water  consump- 
tion greater  than  that  of  the  lower  plant  a  spillway  is  provided  near 
the  lower  end  of  the  tunnel.  A  basin  267  feet  long  by  50  feet  wide 
is  dug  in  the  talus  slope,  and  connected  to  the  tunnel  by  two  short 
tunnels,  each  30  feet  in  diameter.  Along  the  front  of  the  basin  is  a 
spillway  weir  with  10  semiental  gates,  which  form  a  movable  crest. 
These  gates  are  each  24  :feet  long  and  operate  between  concrete  piers 
3  feet  thick.  The  movable  creS:  has  a  range  of  14  feet.  The  ma- 
chinery for  operating  the  crest  is  in  a  buuding  supported  on  the 
piers.  The  spillway  slopes  down  under  the  Gorge  Route  tracks  and 
dischari'es  into  the  river.  With  the  gates  in  their  lowest  position, 
this  spillway  will  discharge  the  full  tunnel  capacity  of  20,000  cubic 
feet  per  second,  with  practically  no  change  m  head  on  the  upper 
plant. 

The  power  house  is  just  downstream  from  the  spillway.  Fourteen 
circular  penstock  tunnels,  15  feet  in  diameter  and  slbout  132  feet  long, 
branch  off  from  a  tapering  section  of  the  main  tunnel.  The  power 
house  in  the  talus  slope  is  of  the  same  type  as  in  the  pressure  tunnel 
proposition  and  has  the  same  arrangement  of  penstock  valve,  turbine, 
generator,  and  draft  tube.  It  contains  14  units  each  rated  at  13,000 
maximum  horsepower.  Thirteen  machines  can  carry  the  full  load. 
It  is  intended  to  operate  the  plants  with  a  mean  tail-water  eleva- 
tion of  343  at  the  upper  station.  At  mean  stage  the  tail-water  eleva- 
tion of  the  lower  plant  is  250,  which  gives  a  gross  head  of  93  feet. 
The  total  hydraulic  losses  in  tne  lower  development  are  estimated  at 
9  feet,  of  which  the  principal  j)art,  namely  6.75  feet,  occurs  in  the 
main  tunnel.  The  net  head  remaining  is  84  feet.  With  86  per  cent 
efficiency  of  machinery,  a  diversion  of  20,000  cubic  feet  per  second 
gives  an  output  of  164,000  horsepower.  This  is  8.2  horsepower  per 
cubic  foot  per  second. 

The  two  plants  combined  have  a  gross  head  of  312  feet,  an  output 
of  573,000  norsepower,  and  an  over-all  efficiency  of  81  per  cent. 
They  develop  28.6  horse  power  per  cubic  foot  of  water  diverted  per 
second. 

.  The  estimated  cost  of  the  lower  stage  plant  is  $34,298,000,  which  is 
$209.10  per  horsepower.  For  the  two  plants  combined  the  cost  is 
$55,481,000,  or  $96.80  per  horsepower  then  available.  A  summary 
of  the  estimates  is  given  in  Table  No.  36.  The  estimated  time  of 
development  of  the  lower  river  plant  is  two  and  one-fourth  years  for 
the  first  power  arid  four  and  one-fourth  years  for  completion.  Cer- 
tain details  of  the  design  upon  which  tne  estimate  was  based  are 
shown  on  plates  Nos.  42  to  45,  inclusive. 

The  critical  element  of  this  scheme  is  the  operation.  The  upper 
and  lower  plants  must  be  operated  as  a  unit  and  great  care  must  be 
taken  by  the  use  of  the  by-pass,  relief  valves,  and  spillway  to  main- 
tain a  uniform  flow.  It  must  be  positively  assured  that  the  open- 
ing of  a  circuit  breaker  in  the  upper  plant  will  either  admit  extra 
water  to  the  tunnel  to  compensate  tor  tne  shutting  down  of  the  unit, 
or  else  will  close  the  gates  in  the  lower  station  on  a  unit  which  is  I 
using  an  approximately  equal  quantity  of  water ;  otherwise  the  supply 
of  water  to  the  lower  plant  is  likely  to  be  diminished  suddenly  under 
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full  load,  causing  a  reduction  in  speed  of  the  generating  units,  with 
consequent  undesirable  and  even  dangerous  operating  conditions. 
Under  such  circumstances  there  is  danger  of  sucking  air  into  the 
turbine?  in  sufficient  quantity  to  cause  destructive  shocks  and  stresses, 
and  there  is  also  danger  of  damage  to  the  electrical  machinery. 

because' of  Ibis  uncertain  element  of  danger  in  operation,  the  Hy- 
draulic Power  Co.  has  modified  its  original  plans  as  presented  in 
Exhibit.B  of  ttieinteriin  report  of  March  2,  1918,  and  is  arranging 
to  have  the  units  discharge  into  a  tail-bay.  between  the  power  house 
and  the  Maid  of  tbe  Mist  pool.  The  tail-bay  has  free  communi- 
cation with  the  pool,  and  ordinarily  will  be  at  the  same  level.  It 
will  discharge  into  th^  pool  until  such  time  as  the  down-river  plant 
is  constructed  and  placed  in  operation,  and  thereafter  whenever  the 
down-river  plant  is  not  drawing  all  the  water  discharged  from  th^ 
npper  plant.  The  tail-hay  becomes  a  head-bay  for  the  down-river 
plant^  reeoing  the  upper  end  of  the  tunnel  through  two  short  tun- 
nels beneatn  the  pow^r  house:  Gates  are  provided  tot  closing  the  two 
tiinijipPentrances,  and  also  for  ^hutting  the  tail-b^y  off  from  the 
rivier.  The  advantages  pf  this  design  are.  ftrst,  provision  for  dis- 
charging  surplus  water  into  the  Maid  of  the  Mist  pool ;  second^ 
provi^sion  for  supplying  the  dpwn-river  plant  antomatieally  with 
water  from  the  Maiaof  the  Mist  pool  in  case  of  loss  of  lo^d  on  upper 
plant ;  third,  simplicity  of  control  at  upper  end  of  n>ain  tunnel  and 
between  tail-bay  and  Maid  of  the  Mist  pool.  The  disadvantages  are 
about  the  same  as  those  already  enumerated  for  the  intake  near  the 
railroad  bridges.  Also  tlie  loss  of  head  will  probably  be  greater  than 
with  the  arrangement  proposed  herein.  The  change  will  prove  ad- 
vantageous if  the  lowfer  stage  is  never  developed. 

The  above-described  outline  plans  ftnd  estimate  were  prepared 
before  the  change  in  plans,  by  the  Hytiraulic  Power  Co.  had  been  de- 
terminiBd  upon.  In  facL  thev  follow  the  original  plans  of  that  com^ 
pany^  fairly  closely,  although  deviating  consideraoly  from  them  in 
certain  particulars.  All  three  schemes  will  cost  about  the  same, 
howevet,.  and  it  seems  unnecessary  for  the  purjwses  of  this  report  to 
change  the  plans  and  estimates  nere;^ven  in  an  attempt  to  be  in 
aceord  with  later  developments,  the  designs  for  which  are  being 
altered  frequently. 

.'.Th^  mittter  ox.^rges'in  the  long  tunnel  which  forms  a  tailrace 
4or  one  .plant  and  a  headrace  for  another,  deserves  the  most,  careful 
cotusdderation.  It  appears  much  more  difficult  to  regulate  surges  in 
this  tunnel  than  in  the  simple  headrace  pressure  tuimel,  ,but  regula- 
tion seems  easily  within  the  range  of  practicable  possibility,  ana  the 
problem  is  far  less  difficult  than  the  one  presented  in  the  ti^ilrace- 
tuiinel  propqsitipri..  With  th^  by-pass,  relief  valves,  spillway,  and 
interlocking  ttud  automatic  electrical  control  suggested,  it  is  believed 
good  regulation  and  freedom  from. serious  accid^t  could  be  secured 
As  an. eztr^  precaution  against  pogisible  flooding  of  the  upper  power 
hojise^i^  apiliway  might.  d0  located  near  the  tmper  end  of  the  long 
tiinnel^  so  arranged  ^  to.  discharge  into  the  Miaid  of  the  Mist  po(u 
ftny  »P^rt;  of  ihe  full  20,060  cubic  feet  per  second  whep  (he  water 
aro^  above  an  elevation  of  about  355. .  ^The  desirability  of  the  use 
of  a  differential  sur^e  tank  at  the' downstrefam  end  of  this  tunnel,, 
with  conseauent  modification  of  or  elimination  of  the  spillway  herein 
provided,  aeserves  careful  study. 


324      DIVERSION   OK  WATEU   FROM  (JRKAT  J.AKES  AND  NIAGARA   KINER- 
6.  PROPOSED  PLANTS  USING  FULL  DIVERSION  BUT  DIVIDINO  HEAD. 

Simple  two-sta^e  propositio^i. — An  outline  design  and  estimate 
was  made  for  an  installation  to  use  a  diversion  of  20,000  cubic  feet 
per  second  in  two  stages,  there  being  only  one  power  house  for  each 
sta^.  The  studies  already  referred  to  in  oection  F-5  determined  that 
it  should  be  a  self-contained  system  without  connection  to  the  Maid 
of  the  Mist  pool.  Plate  No.  33  shows  the  general  layout  of  the 
project.  In  this  proposed  development  an  approach  channel  is  to  be 
dredged  in  the  river  similar  to  the  one  in  the  tailrace  tunnel  propo- 
sition Section  F-3,  but  extending  downstream  to  Grass  Islana.  On 
Grass  Island  is  built  an  intake  exactly  like  the  one  described  in^  the 

Eressure-tunnel  proposition.  A  48-foot  tunnel  8,600  feet  long,  simi- 
ir  to  those  already  described,  leads  to  a  point  in  the  Gorge  near  the 
car  barns  of  the  Gorge  Eoute  Bailwtnr.  The  tunnel  passes  just  south 
of  the  wheel  pit  of  station  No.  2  of  the  Niagara  Falls  Power  Co., 
and  30  to  40  feet  above  the  tailrace  tunnels  leading  from  the  turbines 
of  this  company  and  the  International  Paper  Co.  At  the  lower  end 
of  the  tunnel,  between  the  New  York  Central  and  Gorge  Route 
tracks,  is  a  differential  surge  tank  105  feet  in  diameter  and  90  feet 
high.  Fifteen  penstock  tunnels,  each  15  feet  in  diameter,  branch 
on  from  a  tapenng  section  of  tunnel  in  the  usual  manner.  Entering 
the  power  house  tne  water  passes  through  penstock  valves  and  tur- 
bines and  discharges  into  a  tailrace  tunnel  running  longitudinally 
under  the  power  house  as  in  the  tailrace-tunnel  proposition.  Fifty 
feet  downstream  from  the  power  house  a  500- foot  length  of  the  tail- 
race  tunnel  is  opened  up  to  the  surface  of  the  talus  slope  to  form  a 
temporary  spillway  so  that  the  upper  plant  can  be  used  alone  during 
the  construction  ox  the  downstream  plant. 

The  15  units  installed  in  this  plant  are  rated  at  32,000  maximum 
horsepower.  They  are  to  be  vemcal-shaft  machines  of  the  general 
l^pe  and  characteristics  already  described  for  the  upper  station  of 
the  compound  two-stage  development. 

When  this  plant  is  running  independently  the  gross  head  is  215.25 
feet.  The  total  losses  are  estimated  at  7  feeL  of  which  3.25  feet  occur 
in  the  main  tunnel.  The  net  head  is  208.25  feet,  and  power  output 
460,000  horsepower,  or  20.3  horsepower  per  cubic  foot  per  second. 

The  cost  is  estimated  at  $31,528,000,  which  is  $77.70  per  horse- 
power.   A  summary  of  the  ^imate  is  to  be  found  in  Table  No.  37. 

The  lower  stage  aevelopment  is  exactly  like  that  described  in  Sec- 
tion F-5  for  the  compound  two-stage  proposition,  except  that  the 
length  of  the  48-foot  tunnel  is  only  17,200  feet  from  the  downstream 
end  of  the  temporary  spillway,  or  17,750  feet  from  the  power  house. 
Considering  the  upper  and  lower  developments  as  a  unit  the  gross 
head  is  312.25  feet  and  the  total  losses  14.75  feet,  of  which  8.25  feet 
occurs  in  the  upper  tunnel  and  6  in  the  lower.  The  net  head  is 
297.5  feet ;  power  output,  580,000  horsepower,  or  29  horsepower  per 
cubic  foot  per  second ;  and  overall  efficiency  81.9  per  cent.  The  cost 
of  the  two  plants  is  estimated  at  $61,227,000,  which  is  $105.60  per 
horsepower.  Table  No.  37  contains  the  estimate  summary.  Certain 
details  of  the  design  upon  which  the  estimate  was  based  are  shown 
on  plates  Nos.  46  to  48,  inclusive. 
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The  estimated  time  of  development  is  two  years  for  the  first  power 
and  four  and  one-half  years  for  completion  of  the  upper  plant ;  and, 
measuring  from  the  commencing  of  the  lower  plant,  two  years  for 
the  first  power  from  it  and  four  and  one-fourth  years  for  its  com- 
pletion. 

The  difficulties  in  operating  this  plant  would  be  much  the  same  as 
in  the  case  of  the  compound  two-stage  proposition,  as  already  de- 
scribed in'  Section  F-5. 

Tabijc  No.  37. — SimitU  ttro-Htayr  propositioji — Summary  of  intimate  of  ronfftnic- 

tion  cost. 

rPPER  STAGE. 


Item. 


Quantity.    Unit  price. ,     Amount. 


Total. 


r^reiging  in  river,  hardpan cubic  yard.s 


8J6,700 


11.25   SI, 04.5, 000. 00 


Total  river  work 

('ofTerdam,  I>-5feet hnearfect. 

Rr.o'f  exra'*ation ruble  yard5. 

Plain  concrete do. . . 

Rdnforcecl  concrete do. . . 

Racks pounds. 

Stop  logs  f  steel) do. . . 

Oates 

BuiJdiiig s<iuarefoc' . 


2,200 

94,. 500 

28,220 

2.320 

880,000 

102,000 

30 

4SO0O 


in.  00 

3.50 

12.00 

25.00 

.10 

.10 

19,00^.00 

12.00 


22. 000. 00 

3:u.oo(>.ao 

31.=>,00\fl0 

.V.  00-1. 00 

8K,00»).00 

lO.OW^.OO 

570,000.00 

.'70,000.00 


Si,  045, 000. 00 


Total  Intake 

i'aui  tunnel,  48  Teet  diameter linear  feet. 

Tapering  tunnel,  32  feet  mean  diameter do. . . 

i^hafts,  25  (e^t  square cubic  yards. 

Penstock  tii  nnels,  16  feet  diameter linear  feet. 

DownlaVe  s3iaft,  50  feet  diameter do . . . 

Taiirac  e  tuianel,  4M  feet  diameter do. . . 


8,  .500 
700 
16.200  > 
.3,525 

,to  : 


73*^,00 
44f!.  0(> 
12.00 
157.00 
1.186.00 
73.5. 00 


fl,  24.^000.00 
30R,  000. 00 
194. 000. 00 
553,  (Xy).  00 

ii4,oor«.oo 

37. 000. 00 


Total  tunael.«! 

Rock  excavation cubic  yard.s . 

ReinffH'ced  concrete: 

2  per  cent  steel do 

3;  percent  steel do... 

Plain  concrete do. . . 

Tun  nel  con  nect ion ,  43  feet  diameter linear  feet . 

Roof  and  mlsctd'aneous 


12,700  1 

j 

1.100 

2,780 

930 

145 


3.00 

I 
35.00  ' 
47.  .V)  i 
15.00  ' 

9i5.no  < 


3.H,  000. 00 

.3M,  000.00 
132, 000. 00 

14,000.00 
WJ.OOO.OO 

l.SOOO.OO 


Total  surge  tank 

Reel  exea*  ation cubic  yards. 

Plain  concrete do. . . 

Building: 

Over  generating  units .square  feet. 

Over  valves do... 


140,500 

4H,ow  ; 

40,  coo  ' 

27,  .300  . 


3.  no 

12.00 

15.00  ■ 
12.00  , 


4}'2, 000. 00 
.577,  OOO.  00 

fi09, 00*1. 00 
32^,  000. 00 


Total  power  house 

Rock  excavation cubic  yards. 

Plain  concrete do. . . 


Total  temporary  spillway 

Penstocks  and  araft  tubes  (steel) pounds. . 

TurMnes  and  generators horsepower. . 

Erection  and  accessories do 

Penstock  valves 

S>-nchronous  relief  valves 


Total  equipment. 
Real  estate 


Summation 

Contingencies,  15  per  cent  of  $23,572.000 

Engineering  and  superintendence,  10  per  cent  of 
l&,572,000 


Summation 

Construction  interest,  7  per  cent  of  ?29,46r),000. 


Construction  cost 

C(^t  \ier  horsepower  for  406,000  hursepo>\cr  is. 


119,200 


3.50  i 
15.00  ' 


417,000.00 
69,  OOO.  00 


2,070,000 

480,000 

480,000 

15 

15 


.10 

15.20 

3.40 

53,  OUT).  00 

10,000.00 


207,000.00 

7,29^,000.00 

1,632. 00" ».  00 

79.-),0O'>.00 

150,000.00 


i,97o,ooaoo 


7,454,000.00 


370,000.00 


2,006,000.00 


4^,00«).00 


I  10,080,000.00 
I        161,00>».00 

23, 572, 000. 00 
3.5.36,000.00 

2, 357, 000. 00 


29,465,000.00 
2, 063,  OOO.  00 

31,  .'■,28,  OOO.  00 
77.70 
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Tabi^  No.  37. — Simple  tivo-atage  proposition — Summary  of  estimeUe  of  construc- 
tion cost — Continued. 

LOWER  STAGE. 


Item. 


Plain  concrete : cubic  yards. 

Fining  temporary  spillway , 

Revenue  from  power  lost  when  closing  spillway. . . 


Total  cost  of  closing  spillway 

Ifain  tunnel,  48  feet  diameter linear  feet. 

Taper  tunnel,  mean  diameter  33  feet do . . . 

Circular  penstock  tunnels,  15  feet  diameter.. .do. . . 
Shafts,  25  feet  square cubic  yards. 


Total  tunnels 

Circular  tunnel,  16  feet  diameter linear  feet. . 

Shaft cubic  yards . . 

Pla  In  concrete do 

Steel .  penstock,  etc pounds . . 

Ppnsiock  valve,  16  feet  diameter 

Miscellaneous 


Total  by-pass 

Rock  excavation cubic  yards. 

Plain  concrete do . . . 

Reinforced  concrete do. . . 

Cofferdam,D— lOfeei linear  feet. 

Horspshoe  tunnel,  30  feet  diameter do. . . 

Building square  feet. 

Gates,  steel pounds. 

Special  machinery  for  gates 

Rebuilding  Gorge  Route  tracks 


Total  surge  spillway 

Rock  excavation cubic  yards . 

CofTerdam,  D— 15  feet linearfeet. 

Plain  concrete cubic  yards. 

Reinforced  concrete do . . . 

Building square  feet. 

Rebuilding  Gorge  Route  tracks 


Total  power  house 

Penstocks,  steel pounds. 

Synchronous  relief  valves 

Tiirblncs  and  generators horsepower . 

Erection  and  accessories do. . . 

Penstock  valves 

Interlocking  signaling  and  operating  equipment. . . 


Total  equipment. 
Real  estate 


Summation 

Con tlngencies,  1.5  per  cent  of  $21  ,()09,000 

Engineering  and  superintendence,  10  per  cent  of 
$21,999,000 


Summation 

Construction  interest,  8  per  cent  of  127,499,000. 


Constniction  cost 

Cost  per  horsepower  for  174,000  horsepower. 


Quantity. 


4,600 


17,200 

(MS 

1,850 

31,970 


300 

4,130 

640 

138,500 

1 


78,000 

14,840 

C30 

300 

240 

5,700 

1,030,000 


186,300 

800 

36,150 

1,080 

64,600 


Unit  price. 


SK.OO 


Amount. 


735.00 

440.00 

156.00 

12.00 


167.00 

12.00 

15.00 

.10 

53,000.00 


3.50 
12.00 
25.00 
40.00 
366.00 
12.00 
.10 


3.50 
90.00 

i2.no 
2s.no 

15.00 


982,500 

15 

182,000 

182,000 

14 


.10 

10,000.00 

16.30 

3.50 

43,000.00 


i2,642,ooaon 

293,000.00 
289,000.00 
384,000.00 


50,000.00 
50,000.00 
10,000.00 
14,000.00 
53,000.00 
5,000.00 


273,000.00 

178,000.00 

16,000.00 

12,000.00 

88,000.00 

68,000.00 

108,000.00 

50,000.00 

2,000.00 


652,000.00 
72,000.00 

434,000.00 
26,000.00 

909,000.00 
5,000.00 


98,000.00 

150,000.00 

2,967,000.00 

637,000.00 

602,000.00 

50,000.00 


Total. 


860,000.00 
100,000.00  t 
500,000.00  , 


S660,O00.00 


13,606,000.00 


182,000.00 


790,000.00 


2,158,000.00 


4,5O4,0O0LaO 
88,000.00 


21,999,00a00 
3,300,000.00 

2,200,000.00 


27,4*19,000.00 
2,200,000.00 


29,699,000.00 
170.70 


BOTH  STAGES  COMBINED. 

Construction  cost  of  upper  stage S31 ,  528,  OOO.  00 

Construction  cost  of  lower  stage 29.009,000.00 

Constniction  cost  of  entire  proposition 61,327,000. 00 

Cost  por  horsepower  for  580,000  horsepower 105. 60 


7.  POWER  DEVELOPMENT  COMBINED  WITH  SHIP  CANAL. 

The  investigations  of  the  Board  of  Engineers  on  Deep  Waterways, 
made  July,  1897-June,  1900,  and  reported  in  House  oi  Representa- 
tives Document  No.  149^  Fifty-sixth  Congress,  second  session,  estab- 
lished the  La  Salle-Lewiston  route  as  the  most  economical  and  satis- 
factory general  location  for  a  ship  canal  between  Lake  Erie  and  Lake 
Ontario,  on  the  United  States  side  of  the  international  boundary. 
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After  careful  study  of  the  report  of  this  board,  and  reconnaissance 
of  the  terrain  lying  between  the  two  lakes  and  from  the  Niagara 
River  eastward  to  Lockport^  it  was  decided  that  there  is  no  reason 
apparent  why  this  superiority  does  not  still  exist.  The  identical 
alignment  adopted  by  the  board  was  assumed  as  a  basis  for  the  esti- 
mates here  given,  although  it  was  thought  further  study  might  lead 
to  selection  of  a  slightly  different  alignment,  particularly  in  the 
vicinity  of  La  Salle.  A  considerably  more  spacious  and  commodious 
entrance  from  Niagara  Eiver  into  the  head  of  the  canal  than  that 
herein  provided  might  be  desirable,  in  order  to  minimize  difficulties 
and  dangers  to  vessels  navijgating  the  entrance.  The  number,  ar- 
rangement, and  location  of  locks  was  likewise  taken  the  same  as  in 
the  plans  presented  by  the  board,  although  it  was  realized  that  the 
tendency  of  recent  design  is  toward  fewer  locks  and  higher  Ufts, 
and  that  more  extendedTand  detailed  study  might  demonstrate  the 
desirability  of  fewer  locks  in  this  instance. 

The  canal  cross-section  in  rock  cut,  as  recommended  by  the  board, 
was  240  feet  wide  and  21  feet  deep.  It  was  designed  for  use  by 
boats  480  feet  long,  52  feet  beam,  and  19  feet  draft,  this  being  the 
size  of  boat  then  considered  most  economical  for  lake  service  where 
limiting  channels  were  21  feet  deep.  The  largest  vessel  then  exist- 
ing on  the  Great  Lakes,  the  freight  steamer  John  TF.  Gatea^  was  478 
feet  long,  52  feet  beam,  and  30  feet  molded  depth.  The  steam  freight 
vessel,  W,  Grant  Moraen^  now  the  largest  boat  in  commission  on  the 
Lakes  is  625  feet  long,  59  feet  beam,  and  32  feet  molded  depth.  A 
number  of  other  lake  freighters  over  600  feet  lon^  have  a  beam  of 
64  feet.  At  present  the  draft  of  these  boats  is  limited  by  the  depths 
available  in  certain  dredged  channels,  and  varies  from  19  feet  to  21 
feet,  dependinfi^  on  lake  stages,  for  navigation  between  Lake  Erie 
and  the  upper  lakes.  At  present  the  limiting  depths  are  to  be  found 
in  the  Grosse  Pointe  Channel  at  the  foot  of  Lake  St.  Clair.  There 
the  depth  is  20  feet  below  the  low  water  datum  plane,  which  is  at 
elevation  573.8.  Li  deep  water  these  large  freighters  could  load 
several  feet  deeper.  The  size  of  the  locks  and  channels  of  the  St. 
Lawrence  River  Canals,  and  the  present  Welland  Canal,  limits  the 
size  of  vessels  plying  between  Lake  Ontario  ports  and  Lake  Erie, 
or  the  Atlantic  Ocean,  to  255  feet  length,  48  leet  beam,  and  14  feet 
draft. 

For  the  needs  of  navigation  only  a  canal  width  of  200  feet  is  pro- 
posed, this  being  the  width  of  the  new  Welland  Canal,  now  under 
construction,  and  also  of  the  Black  Rock  Canal,  except  on  curves, 
where  it  is  wider.  The  depth  should  be  equal  to  the  depth  provided 
in  the  new  Welland  Locks,  namely,  30  feet.  From  the  point  of  view 
of  navigation,  a  ship  canal  connecting  Lakes  Erie  and  Ontario  has 
been  discussed  in  Section  A  of  this  report.  The  following  para- 
graphs treat  of  a  ship  canal  combined  with  a  power  development. 

In  carrying  20,000  cubic  feet  of  water  per  second  for  power  devel- 
opment through  a  canal  200  feet  wide  and  30  feet  deep  a  mean  cur- 
rent velocity  of  3.33  feet  per  second,  or  2.3  miles  per  hour,  would 
prevail,  and  this  would  be  increased  at  times  when  the  upper  locks 
were  being  filled.  A  perfectly  satisfactory  canal  might  be  300  feet 
wide  and  40  feet  deep,  or  400  feet  wide  and  30  feet  deep.  Such  a 
canal  would  pass  a  flow  of  20,000  cubic  feet  per  second,  with  a  mean 
velocity  of  1.67  feet  per  second,  or  1.14  miles  per  hour.    At  the  La 
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Salle  entrance  a  canal  section  400  feet  wide  and  30  feet  deep  is  both 
more  commodious  for  vessels  entering  and  more  economical  of  con- 
struction than  a  section  300  feet  wide  and  40  feet  deep.  At  station 
930  of  the  deep-waterways  route  it  becomes  more  economical  to 
construct  the  section  300  feet  wide  and  40  feet  deep,  because  of  the 
heavy  overburden  of  solid  rock.  The  SOOrfoot  width  is  superior  in 
this  point  of  economy  from  this  point  to  the  locks.  A  slight  economy 
might  be  effected  by  narrowing  to  3(K)  feet  before  reaching  the  rail- 
road bridges  in  La  Salle,  but  this  is  doubtful,  and  the  extra  width 
is  desirable  where  bridges  are  clustered  so  closely  together.  The  sec- 
tion finally  adopted  is  400  feet  wide  and  30  feet  deep  below  elevation 
561  (which  is  1.5  feet  below  standard  low  water  at  Cayuga  Island) 
from  the  river  entrance  to  station  926.  In  the  next  800  feet  it  nar- 
rows 100  feet  and  deepens  10  feet.  From  station  934  to  station 
1166  it  is  300  feet  wide  and  40  feet  deep.  In  the  next  800  feet  it 
changes  to  400  feet  width  and  30  feet  depth,  and  thence  it  maintains 
these  dimensions  to  station  1210,  near  the  locks.  This  last  widened 
portion  enables  vessels  to  keep  away  from  the  power-canal  intake 
and  leaves  more  room  just  above  the  locks  for  mooring,  passing,  or 
lying  in  wait. 

For  the  sake  of  comparison,  estimates  are  also  given  for  a  canal 
200  feet  wide  by  33  feet  deep  and  for  a  canal  400  feet  wide  and  30 
feet  deep  throughout  its  entire  len^h. 

The  locks  were  made  of  approximately  the  same  size  as  those  of 
the  new  Welland  Canal. 

At  present  there  is  a  good  channel  for  the  largest  lake  boats  from 
Lake  Erie  through  the  Slack  Rock  Ship  Canal  and  Lock  and  down 
the  American  channel  to  the  Wickwire  Steel  Co.  docks,  and  projects 
have  been  adopted  for  continuing  the  improvements  to  North  Tona- 
wanda. 

From  the  lumber  docks  at  North  Tonawanda  to  La  Salle  9  or  10 
feet  is  the  maximum  depth.  In  this  ship-canal  project  it  is  proposed 
to  dredge  a  channel  throughout  this  reach  400  feet  wide  and  21  feet 
deep  at  standard  low  water,  corresponding  in  dimensions  with  the 
Strawberry  Island  channels  above. 

The  entrance  to  the  ship  canal  is  to  be  at  La  Salle,  at  the  upper 
entrance  to  the  Little  River  behind  Cayuga  Island.  For  the  last 
4,000  feet  of  dredged  channel  where  vessels  would  be  turning  into 
the  entrance,  and  where  a  cross  current  exists,  the  dredged  channel 
is  to  be  600  feet  wide.  The  entrance  has  concrete  piers  on  each  side 
and  a  hea\'y  boom  that  can  be  swung  across  in  winter,  the  whole 
being  designed  to  divert  ice.  The  velocity  in  the  400-foot  canal  is 
1.67  feet  per  second,  and  in  the  entrance  where  the  ice  boom  floats 
it  is  approximately  1  foot  per  second.  As  the  river  cuiTent  past  the 
entrance  is  roughly  2  feet  per  second,  there  should  be  no  great  diffi- 
culty in  keeping  ice  out  of  the  canal  unless  the  river  should  freeze 
from  shore  to  shore,  a  thing  which  did  not  occur  in  the  extremelv 
cold  winter  of  1917-18. 

The  sides  of  the  canal  are  to  be  channeled  in  about  10-foot  lifts 
in  rock  rut.  the  canal  bottom  having  the  full  nominal  width.  At 
elevation  571,  above  high  water,  there  is  a  10- foot  berm  on  each  side. 
At  the  top  of  the  rock  surface  is  another  10-foot  berm.  When  the 
rock  surface  does  not  rise  to  elevation  571,  reinforced  concrete  re- 
taining walls  are  built  to  that  height.    Earth  slopes  are  1  on  2. 
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There  is  one  double  flight  of  six  locks  with  a  total  lift  of  242  feet, 
and  one  double  flight  of  two  locks  with  a  total  lift  of  74  feet.  The 
locks  are  of  the  design  of  the  Deep  Waterways  Board  modified  to  give 
them  a  len^h  of  800  feet  between  hollow  quoins,  clear  width  of  80 
feet,  and  minimum  depth  of  water  on  the  sills  of  30  feet.  They  have 
the  usual  double-leaf  mitering  gates  and  guard  gates,  and  are  all 
founded  on  rock. 

Below  the  locks  is  an  entrance  between  diverging  piers  1,600  and 
2,250  feet  long,  respectively.  The  piers  have  mooring  facilities  for 
several  of  the  largest  boats.  The  river  below  the  locks  has  a  depth 
varying  from  35  to  72  feet.  Just  outside  the  river  mouth,  about  two- 
thirds  of  a  mile  north  by  east  from  Fort  Massassauga  is  a  shoal  with  a 
least  depth  of  about  13  feet.  Here  a  channel  is  to  be  dredged  600  feet 
wide  and  26  feet  deep  at  low  water.  This  is  wider  and  ^per  than 
the  channels  in  the  upper  river  because  of  the  violent  se;*  o  which  this 
entrance  is  exposed  in  northeasterlv  gales.  From  this  point  on  in 
Lake  Ontario  there  is  ample  water  for  all  vessels  if  they  keep  east  of 
Niagara  River  gas  and  bell  buoy. 

Water  for  power  generation  is  taken  from  the  ship  canal  about 
3,000  feet  above  the  upper  locks.  Here  the  ship  canal  is  making  a 
curve  to  the  right  on  a  radius  of  8,800  feet.  Along  the  outside  of  this 
curve  is  a  concrete  wall  of  12  feet  wide  at  the  top,  30  feet  wide  at  the 
bottom,  and  2,130  feet  long.  It  is  pierced  by  36  arches  of  30*f oot  span 
each.  The  arches  are  10  feet  high  at  the  springings  and  20  feet  at  the 
crowns.  The  crowns  are  thus  10  feet  below  low  water.  The  piers 
between  arches  are  30  feet  ^v  ide.  This  structure  has  been  made  very 
massive  to  resist  the  impact  of  ships  that  might  accidentally  collide 
with  it,  and  very  long  so  that  the  "  cross  current "  produced  would 
not  interfere  apprecisibly  with  navigation.  The  velocity  of  the  cross 
current  is  estimated  to  be  about  0.3  foot  per  second.  The  velocity 
through  the  arches  is  1.07  feet  per  second. 

Just  north  of  the  arch  wall  is  an  ice  run.  This  is  a  double  weir 
having  an  effective  length  of  30  feet,  and  closed  by  two  gates  which 
can  be  lowered  to  elevation  646.  Water  and  ice  falling  over  the  weir 
flow  through  a  tunnel  12  feet  in  diameter  to  the  lower  river.  With 
the  water  lowered  to  8  feet  below  mean  stage  the  capacity  of  this  ice 
run  is  about  2,500  cubic  feet  per  second,  while  at  mean  stage  it  is 
3,000  to  4,000.  A  small  hoase  covers  the  gates  and  operating  ma- 
chinery. 

Behind  the  arches  the  water  enters  a  basin  2,070  feet  long,  varying 
in  width  from  10  to  317  feet.  It  is  30  feet  deep  at  low  water.  From 
the  wider  end  of  the  basin,  which  is  downstream,  runs  a  canal  which 
rapidly  contracts  to  a  wetted  section  68  feet  wide  by  58  feet  deep. 
This  canal  is  about  2,000  feet  long^  and  approximately  half  of  its 
length  is  on  a  curve  of  1,010- foot  radius.  The  sides  are  channeled  and 
the  bottom  lined  with  concrete.  At  the  lower  end  it  expands  to  a  sec- 
tion 172  feet  wide  with  a  depth  of  58  feet.  Here  the  water  enters  the 
fore  bay  900  feet  long,  which  is  58  feet  deep  at  mean  stage.  From  up- 
stream to  downstream  end  the  fore  bay  tapers  in  width  from  172  to 
20  feet.  Along  the  west  edge  of  the  fore  bay  are  the  rack  house  and 
an  ice  run. 

The  ice  run  is  at  the  upstream  end  of  the  rack  house.  It  is  exactly 
like  the  other  ice  run  outside  of  the  arch  wall  in  the  ship  canal.  The 
rack  house  has  about  the  usual  arrangement  of  submerged  arches  and 
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racks  supported  by  piers.  There  are  bell-mouthed  entrances  to  17 
penstock  tunnels,  each  15  feet  in  diameter.  The  flow  to  each  penstock 
is  controlled  by  a  pair  of  gates,  20  feet  wide  and  30  feet  high. 

At  mean  stage  the  velocities  of  the  water  are  1.07  feet  per  second 
through  the  outer  arches,  5.95  in  the  central  section  of  the  canal,  1.67 
through  the  racks,  and  6.67  in  the  penstock  tunnels. 

The  power  house  on  the  talus  slope  is  similar  to  that  outlined  in 
the  headrace  tunnel  proposition,  except  that  it  has  no  penstock  valves. 
Its  17  units  are  rated  a^  38,000  horespower  each,  giving  a  total  of 
646,000  rated  horsepower,  Sixteen  machines  can  carry  the  total  load. 
The  gross  head  on  this  plant  at  mean  stage  is  316.4  feet.  The  total 
hydraulic  losses  are  estimated  at  3.5  feet,  giving  a  net  head  of  312.9 
feet.  At  20,000  cubic  feet  per  second  this  gives  611,000  horsepower. 
This  is  30.6  horsepower  per  cubic  foot  per  second,  aud  shows  an  over- 
all efficiency  of  85  per  cent. 

In  estimating  the  cost  of  the  power  development  it  was  considered 
that  all  parts  of  the  canal  necessarv  to  navigation  were  public  struc- 
tures built  for  free  public  use,  and  that  coi^ruction  interest  should 
not  be  charged  against  them.  The  estimated  total  cost  was  $198,412,- 
000,  which  is  $3^.70  per  horsepower.  The  cost  of  the  part  neoessi- 
tated  for  power  purposes  alone  is  $93,000,000  or  $97.50  per  horse- 
power. A  summary  of  the  estimate  is  given  in  Table  No.  38.  The 
general  layouts  of  certain  main  features  of  the  design  upon  which  the 
estimate  was  based  are  shown  on  plates  Nos.  49  to  51. 

Table  No.  38. — SfUp  canal  propositUm — Summary  of  estimate  of  oon$tructian 

coat. 


Item. 


Dredging  in  upper  river,  hardpan cubic  yards . 


Quantity. 


Total  upper  river  work 

Dredging  earta  and  hardpan do... 

Dredging  rock do . . . 

Back  fill. do... 

Plain  concrete do... 

Riprap do. . . 

Ice  boom  pontons 


Total  Lb  Salle  entrance 

Earth  excaration cubio  yards. 

Rook  excavation do... 

Do do... 

Relnforoed  concrete,  0.37 per  cent  steel do... 

BackfUL do... 

Oak  fenders feet  b .  m. 

Weil* 


Total  main  canal 

Earth  excavation cubic  yards . 

Rock  excavation do . . . 

Plain  concrete do... 

Back  fill do... 

Reinforcing  steel X>o^^ds. 

Btnictural  steel do... 

Steel  castings do... 

Steel  forgings do... 

Bronze do... 

Ironwork do... 

Oak feet  b.  m. 

Machin  ery 


Totallocks : 

Total  bridges 

Total  railroad  relocation miles. 

Earth  excavation cubic  yards. 

Rock  excavation do . . . 

Concrete do... 


3,872,000 


Unit  price. 


fl.25 


150,900 

143,200 

5,000 

36,700 

23,600 

38 


10,856,000 

18,766,000 

6,492,000 

148,200 

803,000 

170,000 


1.25 

0.50 

.46 

12.00 

LOO 

1,800.00 


2,440,000 

6,860,000 

2,936,000 

416,000 

6,800,000 

20,830,000 

6,090,000 

75,000 

25,000 

1,000,000 

180,000 


28 

2,300 
6,000 
1,450 


.65 

LOS 

LOO 

18.70 

.45 

i5o!oo 


.65 

2.25 

12.00 

.45 

.07 

.10 

.12 

.20 

.80 

.07 

150.00 


Amount. 


$3,390,000.00 


196,000.00 
931,000.00 

3,ooaoo 

320,000.00 
24,000.00 
68,000.00 


7,056,000.00 
36,504,000.00 
12,336,000.00 

2,771,000.00 

aoLOoaoo 

26,000.00 
40,000.00 


36,000.00 

L50 

8.76 

15.00 


1,686,000.00 

13,185,000.00 

35,232,000.00 

1S7,000.00 

47B,O0aOO 

2,063,00a00 

731,000.00 

i5,ooaoo 
2o,ooaoo 

70,000.00 

27,ooaoo 

900,000.00 


TotaL 


3,ooaoo 

26,000.00 

22,ooaoo 


S3,60O,O0aC0 


1,542,000.00 


59,188,000.00 


64,512,000.00 

7, 191,0001 00 

980,000.00 
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Tabi^e  No.  38. — Ship  canal  proposition^Summary  of  eHimate  of  construction 

oo8t — Continued. 


Item. 


Circular  tmmel,  12feet  diametar. linear  feet. 

uates 

JBuilding square  feet. 


Quantity. 


Total  main  ice  run 

Earth  excavation cubic  yards. 

Rock  excavation do. . . 

Dredging  rock do... 

Plain  ooncrete do,.. 

Cribs finear  feet. 

Riprap  and  rock  filling cubic  yards. 


Tot^  Lewiaton  entrance 

Dredging  Niagara  Bar cubic  yards. 

Earth  excavation do. . , 

Rock  excavation. do... 

Plain  c(mcrete do. . . 


Total  power  canal,  intake  and  ibcebay 

Earth  excavation cubic  yards . , 

R  ock  excavation do 

Plain  concrete do 

Rtinforoed  ooncrete do 

Circular  tunnel,  12  feet  diameter linear  feet . 

Gates 

Do 

Racks pounds . 

B  uilding square  feet . , 


Total  rack  house  and  ioe  run 

Circular  tunnel,  15  feet  diameter Imearfeet. 

Taper  tunnel,  mean  diameter  13^  feet do. . . 

Circular  tunnel,  12  feet  diameter do... 


Total  penstock  tunnels 

Rock  excavation cubic  yards. , 

Dredging  rock do 

Plain  concrete do 

Reinforced  concrete do 

Building .' square  feet. 

Rebuil^ng  Gorge  Route  tracks , 


Total  power  house 

Turbines  and  generatcrs horsepower. 

Erection  and  accessories do . . . 

Penstocks pounds. 


2,230 

2 

2,260 


215,000 

232,000 

297,000 

31,800 

4,350 

m,ooo 


Unit  price. 


$125.00 

11,000.00 

12.00 


Amount. 


Total. 


470,000 

246,000 

1,199,500 

73,430 


14,800 

96^100 

14,800 

750 

603 

34 

2 

1,020,000 

70,200 


7,565 
510 
510 


.65 

1.00 

6.90 

12.00 

160.00 

1.0O 


1.25 

.65 

2.25 

12.00 


.63 

.3.00 

12.00 

25.00 

125.00 

18,d00i00 

ii,ooaoo 

.10 
12.00 


156.00 
154.00 
125.00 


172,000 

21,300 

66,770 

660 

72,000 


3.50 

6.50 

IZOO 

25.00 

15.00 


646^000  , 
646,000  I 
2,327,000 


Total  equipmeot. 
Real  estate 


Summation 

Contingencies,  15  per  cent  of  $156, 492.  OOO 

Engineering  and  superintendence,  10  per  cent  of 
$156,492,000 


Summation 

Construction  interest,  7  per  cent  of  $89,963,000 . 


Construction  cost 

Cost  per  horsepower  for  611,000  horsepower 

Cost  per  horsepower,  excluding  navigation  features . 


14.00 

3.*30 

.10 


$279,ooaoo 

22,000.00 

27,ooaoo 


i40,ooaoo 

441,000.00 

1,930,000.00 

382,000.00 

783,000.00 

i7i,ooaoo 


160,000.00 

4,499,000.00 

881,000.00 


io,ooaoo 
288,ooaoo 

178,000.00 

i9,ooaoo 
87,ooaoo 

612,000.00 

22,000.00 

102,000.00 

842,000.00 


i,i8Q,ooaoo 
79,ooaoo 
64,ooaoo 


603,00a  00 
138,000.00 

8oi,ooaoo 

16,000.00 
1,080,000.00 

4,ooaoo 


9,044,000.00 
2,132,000.00 

233,ooaoo 


$379,000.00 


3,847,00a00 
588,00a  00 


5,540,00a00 


2,160,00a00 


1,323,000.00 


2,642,000.00 


ll,409,00a00 
1,606,000.00 


156,492,00a00 
23,474,000.00 

15,649,00a00 


105,615.000.00 
2,797,00a00 


198,412,00a  00 
324.70 
97.50 


If  the  width  of  the  ship  canal  is  reduced  to  200  feet,  the  hydraulic 
losses  are  increased  to  6.5  feet,  which  gives  a  net  head  of  809.9  feet 
and  a  power  output  of  605,000  horsepower.  This  is  30.3  horsepower 
per  cubic  foot  per  second  and  shows  an  over-all  efficiency  of  84.2  per 
cent.  The  estimated  cost  is  $170,000,000,  which  is  $281  per  horse- 
power. If  the  width  is  made  400  feet  throughout  and  the  depth  30 
feet,  the  cost  is  approximately  $203,000,000,  or  $332.20  per  norse- 
power. 

If  the  locks  were  reduced  to  the  minimum  size  necessary  to  accom- 
modate modem  boats,  say,  650  feet  long,  70  feet  wide,  and  with  25 
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feet  available  depth,  the  cost  would  be  reduced  by  ten  to  t^wenty 
million  dollars. 

-  The  time  of  construction  is  estimated  to  be  between  8  and  10  years. 
flower  development  might  begin  when  approximately  two-thirds 
of  the  entire  work  was  complete. 

The  combined  ship  and  power  canal,  with  300-foot  width,  is  esti- 
mated to  cost  $19,833,000  more  than  the  sum  of  the  costs  of  a  2fK)- 
f oot  ship  canal  for  navigation  only  and  the  power  canal  proposition 
described  previously.  It  is  estimated  to  produce  20,000  horsepower 
more  than  the  power  canal  project. 

It  has  been  suggested  that  the  water  diverted  from  the  ship  canal 
into  the  power  canal  should  be  taken  from  the  bottom  of  the  ship 
canal  rather  than  from  the  side,  as  herein  planned,  in  order  to  relieve 
navigation  of  difficulties  due  to  the  cross-current.  It  has  been  sug- 
gested also  that  a  power  tunnel  rather  than  a  power  canal  be  pro- 
vided between  the  ship  canal  and  the  power  house.  It  is  believed 
these  structures  would  prove  more  expensive  and  less  desirable  than 
those  adopted  for  this  estimate,  but  they  seem  worthy  of  careful 
consideration  in  case  construction  of  a  combined  ship  canal  r.iiJ 
power  development  is  contemplated  seriously. 

8.  PROPOSED  ERIE  AND  ONTARIO  SANITARY  CANAL. 

The  proposed  canal  of  the  Erie  &  Ontario  Sanitary  Canal  Co. 
has  been  described  in  section  A,  with  emphasis  on  the  navigation 
features,  and  the  sanitary  features  of  the  company's  project  are 
discussed  in  section  B  of  this  report. 

From  a  purely  mechanical  point  of  view  there  seems  to  be  no  in- 
superable obstacle  to  the  operation  of  the  proposed  canal  in  the 
summer  time.  The  probability  of  serious  difficulties  with  ice  in 
wintertime  seems  very  great.  Every  winter  the  prevailing  westerly 
winds  drive  the  ice  into  the  narrow  eastern  end  of  Lake  Erie.  From 
Sturgeon  Point  to  Buffalo  the  ice  is  driven  high  on  the  beaches, 
while  a  vast  ice  pack,  heaped  into  enormous  windrows  and  ridges, 
extends  offshore  as  far  as  the  eye  can  reach.  It  is  from  this  shore 
that  it  is  proposed  to  take  21,000  cubic  feet  of  water  per  second 
through  the  canal. 

-  The  estimate  of  the  cost  of  this  project  submitted  by  the  company 
is  shown  in  Table  No.  39. 

Table  No.  3^. — Estimate  of  cost. 
[Sabmitted  by  Erie  &  Ontario  Sanitary  Canal  Co.,  August,  1918.] 

Ordinary  earth  excavation,  mnin  canal,  46.300,000  yards  at  15  cents.  $6, 0-lo.  OOO 

Soft  shale  excavation,  main  canal,  59,700,000  yards  at  15  cents 8,955,  000 

Hard  shale  and  limestone  excavation,  main  canal,  60,500,000  yards 

at  40  cents 24, 20O,  000 

Ordinary  earth  excavation,  barge  canal,  18,100,000  yards  at  15  cents.     1, 215.  OOO 

Concrete  in  side  walls,  230,000  yards  at  $C 1, 380,  000 

Railroad  tracks,  470,000  linear  feet  of  single  track  at  $4 1. 880.  000 

Total 44,  575, 000 

Contingencies  5  per  cent 2, 225,  000 

Total 46, 800,  000 
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Table  No.  39. — Estimate  of  cont — Continued. 

Bridj^es  OA^er  main  canal  (mostly  lift)  inclmlinfj:  oontln^^^ncles $10, 430, (XHJ 

Bridges  over  river  branch  canal 708,000 

Total __  ___  _  _  _  57  938  000 

High-lift  lo^  208  by  050  by  70  by  35  feet,  t\VirrsfeeTt»\nksiriIIir"  '  l]  097,"  000 
I^w-Iift  lock,  104  by  ^50  by  70  by  35  feet,  twin  steel  tanks 6,  734, 000 

Total 72, 36J),  0(K) 

(High-lift  lock  will  operate  in  10  minutes,  low  in  5  minutes.) 

Entrance  lock  at  Lake  Erie  to  regulate  level  of  canal 500, 00<) 

Seneca  Shoal  Harbor  4  miles  into  I^ke  Erie,  made  with  waste  mate- 
rial from  excavation  and  concrete 3,000.000 

Olcott  Harbor 1, 000, 000 

Entrance  lock  at  Black  Hock,  for  barges  to  Tonawanda 500,000 

Channbers  and  screens  for  sewage 300,000 

Guard  lock  east  of  Tonawanda,  for  barge  canal 1, 000, 000 

Dam  in  Eighteen  Mile  Creek,  5,000  horsepower 500,000 

Submerged  weirs  in  Niagara  River  to  regulate  lake  levels 150,000 

Spreading  pier  above  Horseshoe  Falls  for  scenic  grandeur 150,  OOi) 

Power  houses 1, 000,  (KX) 

Penstocks,  turbines,  and  generators  for  800,000  horsepower 8, 000, 000 

Transmission  and  transformers , 3,  500, 000 

Kight  of  way 2, 000, 000 

Two  per  cent  commission  sale  of  bonds 2, 000, 000 

Total 95, 969, 000 

The  quantities  of  excavation,  etc.,  are  satiiafactory,  but  the  unit 
prices  are  based  upon  a  remarkably  large  drop  from  present  prices. 
A  revised  schedule  was  prepared  to  get  an  estimate  of  cost  of  the 
project  which  would  be  more  nearly  comparable  with  costs  given  for 
the  other  propKOsitions  considered  in  this  report.  The  item  for  the 
cost  of  a  dam  in  Eighteen  Mile  Creek  was  dropped,  as  was  also  the 
item  of  5,000  horsepower  to  be  generated  there.  The  promoters  are 
apparently  unaware  of  the  fact  that  this  power  can  be  developed  only 
by  the  use  of  500  cubic  feet  per  second  of  water  diverted  irom  the 
Niagara  River  as  now  diverted  by  the  Hydraulic  Race  Co.  of  Lock- 
port.  This  500  cubic  feet  per  second  is  part  of  the  diversion  author- 
ized by  the  treaty,  and,  as  the  present  proposition  is  to  divert  all  the 
treaty  water  .through  a  sanitary  canal,  no  water  power  of  any  value 
would  be  left  in  Eighteen  Mile  Creek.  The  two  items  for  a  regulat- 
ing weir  in  the  Niagara  River  and  a  "spreading  pier"  above  the 
Horseshoe  Falls  have  been  dropped.  These  are  matters  properly 
combined  with  any  new  power  project,  but  as  they  have  not  been 
charged  against  the  others  they  will  not  be  against  this  one.  The 
items  for  transformers  and  transmission,  and  lor  commission  on  the 
sale  of  bonds,  are  dropped  as  all  comparisons  in  this  section  have  been 
on  the  basis  of  the  cost  of  power  at  the  bus  bars,  exclusive  of  promo* 
tion  and  finance.  The  items  of  excavation  and  concrete  are  charged 
at  the  unit  prices  given  in  Table  No.  28.  As  hardly  a  suggestion  has 
been  offerea  as  to  the  proposed  layout  of  the  hydroelectric  plants, 
costs  for  them  have  been  adopted  based  on  similar  plants  in  other 
ropositions.  The  detailed  estimates  of  the  company's  engineer  on 
ridges  and  locks  have  been  carefully  studied,  and  it  appears  that 
the  miit  prices  therein  adopted  must  be  almost  exactly  doubled  to 
make  them  comparable  with  unit  prices  used  in  the  power  project 
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estimates  previously  given  in  this  report.  These  estimated  cost? 
therefore  have  been  doubled,  and  the  remaining  minor  items  for 
which  there  is  very  little  data  have  been  doubled  also. 

The  resulting  estimate  is  given  in  table  No.  40.  The  total  cost  is 
$401,760,000.  This  is  on  a  basis  comparable  with  the  costs  of  the 
other  propositions  discussed  in  previous  paragraphs  of  this  report^ 
although  it  gives  the  company  the  benefit  of  several  doubts  and  is 
considered  low  in  comparison  with  the  others. 

The  company  has  stated  that  eventually  some  economical  way  of 
utilizing  the  power  in  the  8-foot  drop  from  Lake  Erie  into  the  head 
of  the  canal  may  be  developed,  but  its  cost  is  not  included  in  the 
estimate.  Omitting  this,  and  omitting  the  5,000  horsepower  from 
Eighteen  Mile  CreeK  for  reasons  stated  above,  the  power  output  com- 
puted on  a  basis  comparable  to  that  of  the  otner  propositions  falls  a 
little  short,  of  the  800,000  horsepower  claimed  by  the  company.  At 
mean  stage  it  amounts,  to  787,000  horsepower,  which  is  30.3  horse- 
power per  cubic  foot  per  second.  On  this  basis  the  estimated  cost  of 
the  development  is  $510.50  per  horsepower. 

In  Section  F  10  of  this  report  the  cost  of  power  production  by  dif- 
ferent projects  is  estimated.  This  is  for  power  at  the  bus  bars,  ex- 
clusive of  transmission,  promotion,  and  finance  costs,  and  it  rans^es 
between  $10  and  $16  per  horsepower-year.  Similar  computations 
for  the  Erie  &  Ontario  Canal  scheme  give  a  cost  of  $65  per  horse- 
power. It  is  possible  that  after  business  conditions  have  been  stabil- 
ized on  a  peace  basis,  costs  will  be  much  lower  than  at  present,  but  the 
benefits  will  accrue  to  projects  located  at  Niagara  Falls  or  Lewiston 
as  much  as  to  this  one. 

Table  No.  40. — Erie  4ind  Ontario  Sanitary  Canal — Revised  estimate  of  cost. 

Excavation : 

Earth  and  soft  shale,  124,100.000  cubic  yards  at  65  cents 1580, 6d5,  OOO' 

Rock,  60.500,000  cubic  yards  at  $1.85-.-i ^ ^ 117,975,000 

Concrete,  230,000  cubic  yards  at  $12 . 2,  760.  000 

Railroad  track— -^ 3, 780,  OOO 

Bridges :' 21, 260.  000 

Lift  locks 28, 800, 000 

Entrance  lock,  Lake  Brie -—'. , 1,000*000 

Seneca  Harbor * :i ^_^ .„      6,  OOO,  000 

Olcott   Harbor ^-_, __. 2,000,  000 

Black  Rock  Lock 1 _ 1 1,  OOO,  00i> 

Chambers  and  screeni^  fOr  sewage 1 l^ : 600,000 

Tonawanda  Guard  Lock^,^-^ 4.^-:.-^..- : ^;— ^^_^^«     :2»00O,pQ(X 

Power  houses ^ ,»^_.^^^ _^-«_^^ '^^^      5, 700.  OtK) 

Headworks 1 3, 000,  000 

Penstocks ;— :_ ' ' '-^  700,  000 

Turbines,  generators,  "valv^,  switch  getfr,  ete--^.^ ^— _-^j .J  .18,' 000,000 

Right  of  way l ^ — :. u , . ,— .  ,  .3, 700,  000. 

Summation , 1 !_>__  2d8,d80,  OOO 

Contingencies,  15  per  cent  of  $298,980,000 l l-LJ 44,a50,  OOO 

Enginering  and  isuperftitendence,  10  per  cent  of  :$296»98O,00O— ^    29,800,000 

Summation ^^^^, ^.^^ . ^l_^^__-^_- "  373. 730.  QOO 

Construction  interest,  Y}  per  .cent  of  $373,730,000 '. :__*-»*:^    28,030,  000 

Construction  cost ^_ jiL_-_^:l__^^L'i :_ii,_i :-i-iiL^_'.^.L^  «401,  TiD,  000* 

Cost  per  horsepower  for"  78^,000  horsepower  Is  $510.50.'  =  "     •      '  • 
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9.   PLANTS   PROPOSED  BY  VARIOUS   INTERESTS. 

From  time  to  time  a  great  many  schemes  for  Niagara  power  de- 
velopment have  been  submitted  to  the  War  Department  for  ap- 
proval. Most  of  these  follow  the  lines  laid  down  in  Sections  F-3  to 
F-7,  inclusive,  of  this  report.  All  which  appear  to  have  value  will 
now  be  discussed  brieflv.  The  absurd  and  freakish  schemes,  such 
as  the  proposal  to  establish  overshot  paddle  wheels  in  a  cave  dug 
behind  the  Falls,  will  not  be  dealt  with. 

Propositions  of  Hydraulic  Power  Co, — In  February,  1918,  the 
Hydraulic  Power  Co.  of  Niagara  Falls  submitted  four  power  propo- 
sitions to  the  division  engineer.  The  first  two,  which  were  named 
"  Proposition  H.  P.-A,"  and  "  Proposition  H.  P.-B,"  contemplated 
an  extension  of  the  existing  plant  to  utilize  9,600  cubic  feet  per  sec- 
ond, altogether,  under  a  head  of  about  212  feet,  about  60,000  or 
65,000  new  horsepower  being  produced.  The  present  Hydraulic 
Canal  was  to  be  somewhat  enlarged.  "  Proposition  H.  P.-C  "  was 
practically  the  same  as  the  upper  stage  part  of  the  "  compound  2- 
stage  proposition,"  described  in  Section  F-5.  "  Proposition  H.  P.-D  " 
was  practically  the  same  as  the  whole  "  compound  2-stage  propo- 
sition." The  cost  and  power  output  of  these  developments  would  be 
about  the  same  as  for  the  "  compound  2-stage  proposition."  Com- 
ment on  the  upper  stage  portions  of  these  propositions  was  made 
in  the  interim  report. 

Propositions  of  Niagara  Falls  Power  Co, — ^The  Niagara  Falls 
Power  Co.  submitted  two  projects  in  February,  1918.  "  Proposition 
F— 4  "  of  this  company  was  for  the  use  of  10,260  cubic  feet  per  sec- 
ond in  a  tailrace  tunnel  development  similar  to  the  one  treated  in 
Section  F-3,  but  operating  only  on  the  upper  stage.  The  possibil- 
ity of  enlarging  this  proposition  to  a  capacity  of  20,000  cubic  feet 
per  second  was  mentioned.  This  plan  was  discussed  in  the  interim 
report  and  the  conclusion  reached  that  it  would  take  longer  to  de- 
velop, was  more  expensive,  and  was  less  efficient  than  proposition 
H.  P.-C  of  the  Hydraulic  Power  Co. 

The  other  proposition  of  the  company,  "K-4,"  was  for  a  canal 
to  utilize  20,000  cubic  feet  per  second  under  the  full  head.  In  its 
general  outline  this  corresponds  to  the  canal  project  in  Section  F-3. 
Its  cost  and  power  output  would  be  similar.  Studies  of  power  ca- 
nals proposed  for  this  locality  have  shown  that  the  comparatively 
wide  and  shallow  canalj  with  concrete-lined  bottom,  which  this  plan 
proposes,  is  less  economical  for  this  location  than  a  narrower,  deeper, 
unlined  section. 

Propositions  of  the  Empire  Power  Corporation. — ^In  February, 
1918,  the  Empire  Power  Corporation  submitted  a  proposition  for 
developing  power  with  a  diversion  of  4,400  cubic  feet  per  second  on 
the  upper  stage.  The  scheme  was  to  take  water  from  Niagara  Eiver 
just  below  Port  Day  into  a  canal  along  the  shore  of  the  ^Tew  York 
State  Keservation,  conducting  it  to  a  point  opposite  the  head  of 
Goat  Island.  Here  it  was  to  enter  two  17-foot  concrete  conduits 
running  under  the  reservation  to  a  power  house  on  the  present  site 
of  the  International  Hotel  buildings.  The  power  house  was  to  have 
turbines  and  generators  situated  in  a  deep  pit,  much  as  in  the  pres- 
ent power  houses  of  the  Niagara  Falls  Power  Co.  From  the  power 
house  a  tailrace  tunnel  was  to  take  the  water  to  an  outfall  about 
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500  feet  upstream  from  the  International  Bridge.     The  objections 
to  the  scheme  were  stated  in  the  interim  report  of  March  2,  1918. 

In  April,  1918,  the  Empire  Power  Corporation  submitted  a  sec- 
ond proposition.  This  was  a  scheme  to  utilize  a  diversion  of  13,001) 
cubic  feet  per  second  along  the  lines  of  the  first  proposition  of  this 
company.  The  canal  of  the  earlier  scheme  was  retained,  but  was 
closed  at  the  upper  end,  thus  forming  a  sort  of  fore  bay.  A  large 
boat-shaped  intake  in  Niagara  River  is  provided,  about  1,500  feet 
douth  of  the  plant  of  the  International  Paper  Co.  Entering  this  and 
passing  through  the  racks  the  water  plunges  downward  into  a  tun- 
nel. Passing  horizontally  for  about  2,300  feet  throu/s^h  this  tunnel 
it  rises  again  into  the  fore  bay.  From  the  fore  bay  it  goes  under- 
ground again  through  three  conduits  to  two  power  houses  similar  to 
those  of  the  earlier  project,  and  is  discharged  through  a  tailrace 
tunnel  at  the  same  outfall. 

Propositions  of  Hugh  L.  Cooper  cfe  Co. — On  January  5, 1918,  Hugh 
L.  Cooper  &  Co.,  consulting  engineers,  of  New  York  City,  submitted 
to  the  division  engineer  19  different  propositions  for  developing 
power  at  Niagara  Falls. 

Plans  A,  B,  and  C  were  for  tailrace-tunnel  developments  of  the 
lower  stage,  with  diversions  of  41,360,  30,980,  and  20,600  cubic  feet 
per  second,  respectively.  They  provide  for  a  power  house  in  the  talus 
slope  of  the  gorge  about  800  feet  above  the  Michigan  Central  Rail- 
way bridge,  and  a  straight  tailrace  tunnel  discharging  near  the 
Devils  Hole.  The  reasons  given  in  Section  F-6  for  avoiding  plants 
taking  water  from  the  Maid  of  the  Mist  pool  all  apply  in  full  force 
to  these  three  plans. 

Plans  D,  E,  F,  and  W  are  for  tailrace-tunnel  projects  developing 
the  upper  stage,  with  diversions  of  33,000,  23,000,  13,000,  and  10^00 
cubic  leet  per  second,  respectively.  In  general  these  resemble  the 
plan  of  the  Niagara  Falls  Power  Co.,  but  the  design  and  location  of 
the  power  house  seem  somewhat  less  satisfactory,  especially  in  the 
matter  of  protection  from  ice. 

Plans  Gr,  H,  X,  and  I  are  for  a  pressure-tunnel  development  of 
the  full  head  of  both  stages,  using  33,000,  23,000,  20,000,  and  13,000 
cubic  feet  per  second,  respectively.  The  intake  behind  Conners 
Island  seems  very  much  exposed  to  ice  troubles.  The  large  open  fore 
bay  at  the  brink  of  the  lower  gorge  seems  expensive  and  inefficient 
as  compared  with  a  differential  sur^e  tank.  There  appears  to  be 
no  sufficient  reason  why  the  water  m  the  tunnel  at  elevation  345 
should  be  raised  t9  elevation  530  and  then  lowered  to  elevation  345 
again  through  expensive  steel  penstocks.  The  subterranean  power 
house  appears  unduly  crowded  and  expensive.  Otherwise  these 
propositions  stand  on  the  same  basis  as  the  headrace-tunnel  plant  of 
Section  F-3. 

Plans  J,  K,  Y,  and  L  are  for  the  same  diversions  used  under  the 
full  head  by  means  of  a  canal.  The  same  power-house  design  is 
used  as  in  Plans  G,  H,  X^  and  I.  The  present  investigation  has 
shown  that  a  more  economical  location  for  the  canal  can  be  found 
farther  west,  that  a  more  economical  cross-section  of  canal  is  ob- 
tainable and  that  better  protection  from  ice  can  be  provided. 

Plans  M,  N,  Z,  and  O  are  for  the  same  diversions  and  head  de- 
veloped by  a  tailrace-tunnel  project.    Except  for  the  cramped  power 
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house  and  inferior  ice  protection,  the  scheme  is  about  equivalent  to  the 
tailrace-tunnel  proposition  in  Section  F-3. 

Plan  Z  was  recommended  provisionally,  subject  to  very  thorough 
examination  of  the  rock  alon^  the  tunnel  route  by  drilling  or  other- 
wise. Plan  Y  was  recommended  for  adoption  in  case  the  rock  proved 
unsuitable  for  tunneling. 

Propositions  of  Mr,  L,  H.  Davis. — ^Ten  schemes  for  Niagara  power 
development,  submitted  to  the  Union  Carbide  Co.  by  Mr.  Leonard  H. 
Davis,  of  Sault  Ste.  Marie,  have  come  to  the  War  Department.  These 
all  provide  for  the  use  of  19,500  cubic  feet  of  water  per  second,  under 
the  full  head,  in  one  or  more  stages.  Of  these  schemes,  which  are 
set  forth  in  reports  dated  March  1  and  April  1,  1918,  he  recommends 
schemes  5-b  and  4  as  the  best.  Scheme  5-b  is  practically  identical 
with  the  canal  proposition  of  Section  F-3.  The  only  differences  are 
that  the  canal  intake  is  behind  Conners  Island,  where  ice  troubles 
would  be  ^eater  than  out  in  front  of  it,  as  in  F-3,  and  that  the 
canal  location  and  cross-section  are  not  quite  as  economical  as  the 
ones  described  in  F-3. 

Scheme  4  is  a  rather  complex  affair.  The  Hydraulic  Power  Co.'s 
plant  is  retained,  a  tunnel  29  feet  in  diameter,  with  an  intake  above 
the  railroad  bridges,  taking  the  9,500  cubic  feet  per  second,  assumed 
ultimately  to  be  used  by  this  plant,  extends  to  a  power  house  below 
the  Riverdale  Cemetery.  A  canal  61  feet  wide  and  30  feet  deep 
carries  11,000  cubic  feet  per  second  from  behind  Conners  Island 
to  the  same  new  power  house.  This  project  is  inferior  to  5-b,  and  is 
albo  inferior  in  general  layout  to  the  compound  two-stage  proposition. 

Scheme  5-a  is  the  canal  scheme  with  the  power  house  moved  down 
to  Lewiston,  greatly  increasing  the  cost  and  slightly  decreasing  the 
production  of  power.  Scheme  5-c  is  the  headrace-tunnel  proposition 
in  its  usual  form.  Schemes  1,  2,  ii-a,  and  3-b  are  ingenious  attempts 
to  utilize  the  present  power  plants  as  part  of  a  fiul-head  develop- 
ment. By  Mf.  Davis  s  own  statement,  the  results  are  inferior  to 
schemes  4  and  5-b.  In  addition  several  of  them  would  invlove  a 
great  temporary  curtailment  of  the  present  power  output,  which  is 
inadmissible. 

Proposition  of  the  Niagara  Gorge  Power  Co, — A  project  of  the 
Niagara  Gorge  Power  Co.,  designed  by  Barclay,  Parsons,  &  Klapp, 
consulting  engineers,  was  submitted  by  the  power  company  to  the 
Secretary  of  otate,  in  an  application  for  a  permit  to  divert  20,000 
cubic  feet  of  water  per  second  from  the  Maid  of  the  Mist  pool.  The 
Niagara  Gorge  Power  Co.  is  controlled  by  the  same  interests  as  the 
Niagara  Gorge  Railway  Co.,  owner  of  the  electric  railway  in  the 
gorge.  In  the  plan  of  Messrs.  Barclay,  Parsons  &  Klapp  an  intake 
is  provided  between  the  railroad  bridges  at  the  foot  of  the  Maid  of 
the  Mist  pool.  From  the  intake  the  water  flows  through  a  pair  of 
33- foot  tunnels  to  a  power  house  under  the  transmission-line  cross- 
ing. The  location  of  the  intake,  determined  by  ownership  of  the 
site,  is,  as  regards  interference  and  damage  from  ice,  subject  to  all 
of  the  objections  made  in  section  F-5  to  intakes  iu  the  Maid  of  tlie 
Mist  pool. 

Proposition  of  T,  Kennard  Thomson. — A  proposition  of  Mr.  T. 
Kennard  Thomson,  consulting  engineer,  of  New  York  City,  was  re- 
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odved  in  January,  1918.  The  engineering  features  are  very  meagerly 
described  in  the  folio  submi^ed.  Additional  facts  have  been 
gathered  from  an  article  by  Mr.  Thomson,  which  was  reprinted  in 
the  Niagara  Falls  Journal,  August  22,  1917.  The  scheme  provides 
for  a  dam  in  the  gorge  at  the  foot  of  Fosters  Flats,  which  will  cause 
the  water  to  rise  and  obliterate  Fosters  Flats  Rapids  and  the  whirl- 
pool. The  whole  flow  of  the  river  is  to  be  used  to  generate  1,000,000 
horsepower  or  more. 

Miscellaneous  propositions. — ^The  Niagara  County  Irrigation  and 
Water  Supply  Co.  proposes  to  utilize  4,400  cubic  feet  per  second  by 
a  canal  from  La  Salle  to  the  Devils  Hole.  The  route  recommended 
is  uneconomically  long  and  the  power  in  a  fall  of  9  feet  in  the  rapids 
below  the  Devils  Hole  is  lost. 

Another  proposition  was  that  the  State  of  New  York  and  the 
city  of  Niagara  Falls  unite  in  developing  4,400  cubic  feet  of  water 
per  second  m  a  project  similar  to  that  of  the  Empire  Power  Corpo- 
ration, except  that  the  power  house  was  to  be  in  a  cave,  excavated 
under  the  reservation.    The  scheme  had  no  particular  merits. 

10.  (COMPARISON  OF  PROPOSED  DEVELOPMENTS. 

Certain  remarks  which  apply  to  several  of  the  proposed  schemes 
for  power  development  have  been  reserved  for  this  part  of  the 
report. 

For  convenience  of  reference  and  comparison  Table  No.  41  is  here 
presented  as  a  statistical  summary  of  estimates  previously  given.  In 
it  are  the  name,  quantity  of  diversion,  gross  head,  net  nead,  horse- 
power per  cubic  foot  of  water  per  second,  total  horsepower  produced, 
construction  cost  per  horsepower,  and  time  of  development  for  each 
project  which  provides  a  complete  working  plant.  In  regard  to  these 
estimates  it  seems  proper  and  important  to  repeat  that  they  are  pre- 
liminary estimates  based  on  outline  layouts  which  can  in  no  sense 
be  considered  final  designs.  While  a  great  deal  of  study,  thought, 
labor,  and  care  have  been  expended  upon  them,  they  have  not  bSen, 
and  under  the  circumstances  could  not  oe,  based  on  careful  considera- 
tion of  the  multitudinous  lesser  details.  Indeed,  so  many  essential 
elements  are  unavoidably  of  such  uncertain  character  that  any  further 
refinement  appears  without  justification  for  the  pun>oses  of  the  re- 

Eort.    It  is  believed  that  they  are  sufficiently  sound  and  correct  to 
e  used  without  hesitation  in  the  consideration  of  the  important 
problem  to  which  they  apply. 
There  is  a  possibility  that  the  intakes  on  Grass  Island  Shoal 

?>rovided  in  several  of  the  propositions  would  have  to  be  located 
arther  toward  midstream  in  order  not  to  pass  ice  into  the  new  intake 
channel  of  the  Hydraulic  Power  Co.  or  else  new  piers  and  booms 
might  have  to  be  provided  for  that  company  and  some  dredging 
done  on  the  rock  shoal  upstream  from  Goat  Island.  In  either  case 
an  important  item  would  be  added  to  the  construction  cost  of  the 
proposition  involved.  The  pressure  tunnel  location  under  Sugar 
Street  and  the  power  canal  intake  south  of  Conners  Island  are  iree 
from  this  possible  objection. 

In  the  descriptions  of  generating  machinery  provided  for  the 
various  propositions  individual  exciters  have  been  ^ecified,  mounted 
on  the  generators.    This  was  done  because  the  prices  furnished  by 
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manufacturers  of  generating  machinery  were  based  on  such  designs. 
It  is  not  intended  to  specify  any  such  minor  detail  in  the  sense  of 
advocating  it  in  preference  to  another  design  equally  good  or  better. 
The  excitfo:  ^^tem  of  the  Ontario  Power  Co.  or  that  of  the  Missis- 
sippi Eiver  Power  Co.  is  probably  a  little  better.  These  involve  one 
or  two  separate  hydroelectric  scrric©  units  in  each  power  station, 
and  presumably  are  somewhat  more  expensive  to  install  than  the 
system  specified.  The  difference  in  expense  would  apply  about 
equally  to  all  single-stage  propositions  and  would  affect  the  two- 
stage  propositions  slighth*  more. 

It  will  be  noted  that  in  Table  No.  41  none  of  the  power-development 
schemes  which  involve  a  reasonably  low  capital  cost  are  credited 
with  an  output  as  great  as  30  horsepower  per  cubic  foot  of  water 
diverted  per  second  from  Niagara  Kiver.  Any  one  of  them  utilizing 
the  gross  nead  from  Grass  Island  to  Riverdale  Cemetery  can  be  made 
to  produce  30  horsepower  per  cubic  foot  per  second  at  added  ex- 
pense. This  would  involve  an  increase  in  rates  or  a  diminution  in 
return  to  the  investors  in  the  enterprise.  The  power-canal  proposi- 
tion can  be  brought  up  to  this  output  at  less  expense  than  the  other 
propositions. 

Tabu  41. — Bummarv  of  am^araUve  estimates  of  varioua  development  projects. 
{OmlsdaDii  and  uramptioiu  u  to  anximpanyUiK  tcTt.) 
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In  line  with  the  remarks  in  the  preceding  paragraph,  and  in  further 
explanation  of  statements  in  Section  F-1  of  this  report  regarding 
economic  sizes  of  main  conduits,  it  may  be  noted  that  the  most  eco- 
nomical diameter  of  long  tunnel  for  the  tailrace  tunnel,  pressure 
tunnel,  and  two-stage  propositions  on  the  basis  of  the  finally  assumed 
unit  costs,  fixed  charges,  and  selling  price  of  power  is  43  feet  instead 
of  48  feet,  as  adopted.    Use  of  the  smaller  tunnel  would  decrease  the 


340     DIVERSION  OF  WATER  FROM  GREAT  LAKES  AND  NIAGARA  RIVER. 

construction  cost  of  the  pressure-tunnel  proposition  about  8  per  cent 
and  reduce  the  power  output  a  little  more  tJian  2  per  cent.  The  con- 
struction cost  per  horsepower  produced  would  be  reduced  approxi- 
mately 6^  per  cent.  This  brings  the  cost  per  horsepower  of  the  pres- 
sure-tunnel proposition  more  than  one-third  of  the  way  down  to  the 
corresponding  figure  for  the  power-canal  proposition,  but  decreases  the 
available  power  output  by  14,000  horsepower.  The  basis  on  which  the 
various  propositions  were  compared,  as  defined  in  the  assumptions 
stated  in  Section  F~l,  was  not  the  production  of  equal  amounts  of 
power  from  equal  quantities  of  water,  but  the  use  in  each  case  of  20,000 
cubic  feet  of  water  per  second  to  produce  as  much  power  as  was  con- 
sistent with  good  economy  of  development.  At  the  same  time  it  was 
considered  wise  to  increase  main  tunnels  and  canals  somewhat  beyond 
the  size  demanded  by  present-dav  economy  to  prevent  falling  into  a 
difficulty  similar  to  that  now  confronting  the  plant  of  the  old  Niagara 
Falls  Power  Co.  In  so  doing  it  has  come  about  that  the  total  amoimts 
of  power  provided  by  the  various  propositions  do  not  differ  very 
widely. 

Another  point  in  this  connection  is  the  situation  with  respect  to  the 
location  of  the  power  house  in  the  lower  gorge.  For  best  economy  of 
investment  the  power  house  of  the  power-canal  proposition  should  be 
located  where  shown,  abreast  of  Riverdale  Cemetery.  To  move  it 
either  up  or  down  str^^m  economy  must  be  sacrificea.  With  respect 
to  all  the  tunnel  propositions,  however,  the  economy  would  be  slightly 
improved  by  locating  the  downstream  terminus  near  Devils  Hole. 
Is  ine  feet  of  head  would  thus  be  sacrificed^  representing  a  large  amount 
of  power.  The  Devils  Hole  site  was  avoided  to  prevent  such  sacrifice 
of  available  power,  and  at  the  same  time  to  make  the  tunnel  and  canal 
propositions  more  nearly  comparable. 

The  costs  given  in  the  preceding  parts  of  Section  F  and  in  Table  No. 
41  covering  the  various  projects  considered,  do  not  include  the  entire 
capital  costs  nor  even  the  whole  of  what  might  be  termed  construction 
costs.  Thus  the  general  overhead  items,  properly  part  of  construction 
costs,  which  have  been  omitted  in  each  case,  are  costs  of  promoting  in- 
terest in  the  proposition,  of  obtaining  f  imds,  of  organizing  a  managing 
company,  and  of  legal  services  involved  in  promotion,  financing,  and 
organizing.  The  fundamental  item  of  purchase  of  any  necessary 
rights  from  existing  power  companies  has  not  been  included.  The  de- 
velopment expense  involved  in  ouilding  up  a  market  for  power  con- 
sumption and  making  the  enterprise  a  going  concern,  also  properly  a 
pait  of  capital  cost,  has  been  omitted.  The  costs  given  are  called  con- 
struction costs.  They  include  purchase  of  necessary  land  and  rights 
of  way  and  construction  required  in  providing  a  plant  to  produce  elec- 
tric energy  at  generator  voltage  on  the  bus  bars  of  the  power  station. 
All  expense  pertaining  to  transformation  and  transmission  of  electric 
energy  has  been  omitted  purposely. 

The  omissions  just  mentioned  have  appreciable  effects  on  the  capital 
cost  of  each  proposition,  and  since  these  effects  are  not  equal  on  the 
different  projects,  it  becomes  desirable  to  note  them  and  discuss  them 
briefly.  Furthermore,  in  the  matter  of  operating  costs  there  are  almost 
certain  to  be  differences  worthy  of  consideration;  and,  if  so,  these 
should  be  taken  into  account  in  studying  the  desirability  of  the  differ- 
ent schemes.  An  estimate  has  theretore  been  made  of  tne  cost  of  pro- 
ducing power  in  each  case. 
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Any  one  of  the  seven  propositions  listed  in  Table  No.  41,  which 
covers  the  full  head,  might  be  adopted  as  the  final  plan  for  utilizing 
the  full  20,000  cubic  feet  per  second  of  diversion  now  permissible  under 
the  treaty  with  Great  Britain.  Under  any  of  these  plans  some  or  all  of 
the  existing  plants  would  be  superseded.  Whether  or  not  the  com- 
panies now  diverting  water  from  the  Niagara  Eiver  have  any  rights 
to  such  water  beyond  the  revocable  ones  granted  by  their  permits 
from  the  Secretary  of  War,  and  whether  any  new  company  desiring 
to  use  this  water  would  have  to  compensate  them  is  considered  to  be  a 
question  outside  of  the  scope  of  this  report. 

It  is  essential,  however,  that  the  effect  of  these  rights,  if  any  exists 
upon  the  cost  of  producing  power  by  the  various  propositions  to  be 
compared  be  taken  into  consideration,  as  it  has  an  important  effect 
upon  the  relative  economy  of  the  different  propositions.  For  this 
reason,  the  comparison  will  be  worked  out  under  two  different  as- 
sumptions. First,  it  will  be  assumed  that  the  companies  now  using 
water  possess  a  right  therein  that  can  not  be  taken  from  them  with- 
out equitable  compensation.  Under  this  assumption  the  cost  of  pro- 
ducing power  from  the  authorized  diversion  of  20,000  cubic  feet  per 
second  oy  each  of  the  propositions  will  be  compared.  Matter  relat- 
ing to  this  comparison  will  be  referred  to  as  based  on  "the  use  of 
the  first  diversion  of  20,000  cubic  feet  per  second."  Secondly,  it  will 
be  assunaed  that  by  a  new  treaty  an  additional  diversion  of  20,000 
cubic  feet  per  second  has  been  authorized.  This  could  be  developed 
without  interfering  with  the  existing  plants  and  without  expense 
for  acquiring  any  rights  which  the  existing  companies  may  claim  to 
possess.  The  comparison  of  costs  of  power  production  under  this 
second  assumption  will  be  referred  to  as  based  on  "  the  use  of  the 
second  diversion  of  20,000  cubic  feet  per  second."  If  it  be  found,  as 
a  matter  of  fact,  that  the  power  companies  have  no  rights  of  any 
kind  for  the  deprivation  of  which  they  would  be  entitled  to  compen- 
sation, the  comparative  costs  computed  for  the  second  diversion  of 
20,000  cubic  feet  per  second  would  apply  also  to  new  plants  built  to 
utilize  the  diversion  authorized  W  the  existing  treaty. 

The  power  outputs  listed  in  Table  No.  41,  and  used  in  deriving 
the  construction  costs  per  horsepower,  as  given  in  the  same  table, 
are  the  outputs  which  would  obtain  with  plants  in  first-class  con- 
dition, operating  at  best  efficiency,  with  the  river  at  mean  stage,  and 
using  in  each  case  the  full  quantity  of  water  listed  under  total 
diversion. 

As  regards  variation  of  power  with  stage,  the  situation  at  Niagara; 
is  almost  ideal.  The  full  supply  of  water  up  to  any  total  diversion 
contemplated  is  available  at  any  stage  of  the  river  which  occurs,  and 
can  be  diverted  for  power  development  except  in  extremely  rare 
cases  of  very  bad  conditions.  The  head  varies  a  little  with  changes 
of  sta^e,  the  variation  in  water  level  in  the  Maid  of  the  Mist  Pool 
being  in  the  same  direction  and  about  four  times  as  great  as  in  the 
Chippawa-Grass  Island  Pool.  Accordingly,  at  hi^h  stage  the  avail- 
able head  is  less  than  at  mean  sta^e  and  the  possible  power  output 
correspondingly  less,  conditions  being  reversed  at  low  stage.  It  is 
only  once  or  twice  a  year  that  this  variation  amounts  to  as  much  as 
1  per  cent. 

The  assumption  of  full  power  output,  and  full  continuous  diver- 
sion of  the  maximum  amount  of  water  permitted,  is  in  accordance 
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with  common  practice  when  comparing  construction  costs  per  horse- 
power. Such  an  output  would  not,  of  course,  be  obtained  in  actual 
operation,  and  the  construction  cost  per  horsepower  of  actual  average 
output  would  be  greater  than  that  given,  depending  in  amount  on 
the  output. 

In  estimating  operating  costs  it  has  seemed  best  to  assume  a  power 
output  in  each  case  such  as  it  is  believed  would  exist  after  the  plant 
wa  fully  constructed  and  the  market  built  up  to  capacity.  The 
ratio  of  average  power  delivered  to  maximum  power  delivered 
is  known  as  the  load  factor.  The  situation  at  ISiagara  Falls  is 
unique  in  respect  to  the  load  factors  which  prevail.  At  the  plant 
of  the  Hydraulic  Power  Co.  it  is  probably  nearer  unity  than  at  any 
other  large  plant  in  the  world,  the  daily  load  factor  ranging  from 
90  to  99  per  cent.  At  the  plant  of  the  Niagara  Falls  Power  Co.  it 
is  much  lower,  but  still  unusually  good.  A  load  factor  of  60  per  cent 
is  well  above  the  average  in  central  station  practice.  The  reason  for 
the  high-load  factors  at  Niagara  Falls  is  the  fact  that  the  load  is 
consumed  largely  by  electrochemical  plants  operating  continuous 
processes,  24  hours  a  day,  7  days  a  week.  These  industries  are  the 
ones  which  benefit  most  from  cheap  power,  and  most  of  them  are 
actually  dependent  upon  it  for  existence.  There  are  man^  reasons 
for  believing  that  the  future  market  developed  in  this  vicinity  will 
consist  largely  of  loads  of  similar  character,  and  accordingly  it  has 
been  assumed  that  90  per  cent  of  the  full  power  production  possible 
at  mean  stage  will  be  marketed  continuously.  The  power  produc- 
tion costs  are  based  on  this  assumption. 

The  marketable  power  production  of  a  plant  which  is  limited  as 
to  its  supply  of  water  depends  to  a  slight  extent  upon  the  power 
factor  or  the  connected  load,  and  the  production  cost  depends  even 
more  on  the  power  factor.  For  a  plant  as  a  whole  the  power  factor 
may  be  defined  as  the  ratio  of  output  in  kilowatts  to  output  in  kilo- 
volt-amperes.  Niagara  loads  are  very  good  in  this  respect  also,  the 
power  factors  averaging  close  to  unity  because  of  the  character  of 
the  connected  loads.  An  important  consideration  being  the  use  of 
many  synchronous  converters  whose  fields  may  be  overexcited  to 
keep  this  factor  near  unity.  The  generators  provided  in  the  esti- 
mates are  designed  with  ample  windings  to  permit  full  turbine  ca- 
pacity to  be  developed  with  the  power  factor  at  90  per  cent.  At 
this  value  the  reduction  in  the  amount  of  marketable  power  avail- 
able is  too  light  to  be  considered.  Because  of  the  extra  copper  in 
the  generators,  however,  and  the  extra  size  of  the  generator  thereby 
required,  the  capital  costs,  and  hence  the  annual  charges,  are  in- 
creased. 

The  estimates  of  cost  of  producing  power  probably  are  not  as  accu- 
rate as  the  construction  cost  estimates,  being  based  on  less  reliable 
data  and  having  been  prepared  with  far  less  care.  As  already  pointed 
out,  they  are  probably  several  dollars  per  horsepower  per  annum  less 
than  the  ultimate  actual  cost  of  delivering  power  on  tne  premises  of 
any  customer  because  of  the  cost  items  omitted.  They  should  be 
regarded  as  rough  estimates,  believed  to  be  sufficiently  good  to  form 
a  fair  basis  of  comparison  of  the  various  propositions.  Production 
costs  include  fixed  charges  and  operation  charges,  which  latter  in- 
clude salaries  of  most  of  the  employees,  cost  of  supplies,  and  cost  of 
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maintenance.  Maintenance  includes  repairs  and  minor  or  frequent 
replacements.  Fixed  charges  were  assumed  at  10  per  oent  per  annum 
of  the  total  constioiction  costs,  being  divided  as  follows :  Interest  on 
investment,  5^  per  cent;  depreciation,  2i  per  cent;  taxes  and  insur- 
ance, 2  per  cent.    The  operation  costs  were  computed  in  each  case. 

As  regards  fixed  charges,  a  few  general  remarks  seem  desirable. 
A  rate  of  interest  of  5^  per  cent  was  considered  best  for  these  esti- 
mates. It  is  evident  that  the  rate  will  depend  to  a  large  extent  on 
the  credit  of  the  organization  handling^  the  enterprise.  Thus  if  it 
were  undertaken  by  the  United  States  Government,  funds  might  be 
readily  raised  at  4  to  4^  per  cent  on  Government  bonds  based  on  the 
property  and  guaranteed  by  the  Treasury  Department. 

At  Niagara  Falls  a  water-power  development  is  far  less  specu- 
lative, and  it  seems  likely  that  financing  would  be  less  difficult,  than 
under  average  conditions.  On  a  normal  money  market  a  private 
company  might  be  able  to  finance  such  a  proposition  at  rates  varying 
between  5  and  7  per  cent,  depending  on  the  resources  and  character 
of  the  men  in  charge.  The  rate  of  &|  per  eent  adopted  in  these  esti- 
mates was  a  mean  of  the  various  possible  cases  considered. 

Depreciation  has  been  taken  at  2^  per  cent  per  annum  on  the  whole 
construction  cost  with  the  thought  that  a  depreciation  reserve  will  be 
established  to  care  for  retirement  of  property  items  which  have  be- 
come inadequate  or  obsolete  or  which  recjuire  replacement  because  of 
accident,  use,  or  age,  the  funds  representing  the  balance  of  the  reserve 
being  at  all  times  readily  available  for  replacements,  in  order  to 
preserve  the  integrity  of  the  total  investment  unimpaired. 

It  is  understood  that  a  proper  annual  depreciation  allowance  to 
cover  hydraulic  and  electric  machinery  ranges  from  4  to  8  per  cent. 
Something  like  half  the  cost  of  construction  of  these  propositions, 
however,  is  for  works  whose  rate  of  depreciation  is  likely  to  be  so  low 
that  1  per  cent  per  annum  of  the  construction  cost  set  aside  at  5  per 
cent  compound  interest  would  seem  ample  to  care  for  it.  Another 
portion  of  the  works  amounting  to  more  than  one-quarter  of  the 
total  construction  cost  might  be  cared  for  by  a  2  per  cent  annuity 
similarly  set  aside.  For  the  average  expected  service  life  an  annual 
rate  of  2^  per  cent  has  seemed  about  right.  This  is  based  on  the 
compound-interest  method  of  depreciation  accounting  as  applied  to 
individual  items  of  the  property. 

Two  per  cent  per  annum  of  the  construction  cost  is  believed  to  be 
sufficient  to  cover  both  insurance  and  taxes,  including  fire  and  lia- 
bility insurance  and  property  and  war  taxes.  Since  it  has  been  as- 
sumed in  these  estimates  that  gross  income  is  just  sufficient  to  main- 
tain and  operate  the  plant  there  is  no  net  income,  and  hence  no  income 
tax  to  care  for.  War  taxes  include  only  excise,  utilities,  insurance, 
and  stamp  taxes  and  amount  to  a  very  small  sum  comparatively. 

Several  engineers  were  found  to  be  agreed  that  10  per  cent  was 
about  right  for  fixed  charges,  and  it  is  believed  the  assumj)tion  is 
sufficiently  correct  even  though  the  subdivision  of  the  total  into  its 
parts  is  not  as  well  worked  out.  It  is  to  be  noted  that  the  matter  of 
fixed  charges  is  very  important  in  its  effect  both  on  annual  pro- 
duction charges  and  on  construction  costs.  Thus  fixed  charges  con- 
stitute two-thirds  or  more  of  the  annual  production  charges.  They 
also  influence  construction  costs  because  they  form  the  most  in- 
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fluential  factor  in  the  determination  of  the  economic  sizes  of  various 
portions  of  the  plant 

In  computing  operation  charges  an  estimate  was  made  of  the  posi- 
tions to  be  fiUed  and  the  probskble  salaries  required.  To  the  annual 
sum  a)vering  salaries  40  per  cent  was  added  to  cover  supplies  and 
sundries.  An  estimate  was  then  made  of  the  annual  cost  of  repairs 
and  minor  replacements.  This  latter  figure  was  based  on  such  infor- 
mation as  came  to  hand.  In  each  case  the  figure  for  repairs  and 
minor  replacements  is  much  the  same  as  the  figure  for  salaries  and 
supplies.  As  already  stated,  it  is  believed  the  estimated  operating 
charges  as  presented  give  a  reasonable  idea  of  what  might  be  ex- 
pected. They  seem  t9  compare  properly  with  other  estimates  and 
known  costs.  An  engineer  well  acquainted  with  power-plant  opera- 
tion at  Niagara  Falls  stated  that  it  was  impossible  to  forecast  within 
limits  of  any  value  the  operation  costs  of  a  plant  so  much  larger  than 
and  different  from  any  yet  constructed.  It  seems,  on  the  other  hand 
that  it  is  of  importance  to  know  that  they  are  likely  to  be  more  than 
$1  per  horsepower  year  and  less  than  $4.  As  a  matter  of  comparison 
amon^  the  different  propositions  the  figures  given  are  believed  to  be 
very  fair. 

For  the  sake  of  clearness  and  simplicity  first  consideration  will  be 
given  to  the  case  that  might  arise  after  the  companies  at  present 
operating  were  fully  cared  for  and  were  utilizing  the  20.000  cubic 
feet  per  second  of  water  provided  in  the  present  Seaty.  If  then  an 
additional  20,000  cubic  feet  per  second  of  water  was  to  be  developed 
under  one  of  the  first  four  propositions  listed  in  Table  No.  41,  the 
operation  costs  and  annual  charges  for  horsepower  would  be  as  in 
Table  No.  42. 


Table  No.  42. — Estimated  anmial  charges  for  power  development,  ewdusive  of 
fixed  charges  on  original  overhead  and  development  expenses. 

[Bas«d  on  ase  of  a  seoond  diversion  of  30,000  oubio  feet  per  second.] 


No. 


1 
2 
3 

4 


Proposition. 


Power  canAl 

Preasnre  tunnel.. 
Tailraoe  tunneL . 
Simple  two-stage 


OOperoentof 

maximum 

continuous 

output,  in 

horsepower. 


532,000 
529,000 
526,000 
522,000 


Fixed  charges 
per  horse- 
power per 
year. 


Sa20 
9.60 
9.90 

11.70 


Operation 
charges  per 
horsepower 

per  year. 


$1.80 
1.T0 
1.70 
2.20 


Cost  of  power 
on  bos  oars 
per  horse- 
power per 
year. 


Sio.00 
11.  ao 

11.60 
13.90 


Under  the  conditions  noted,  this  power  would  be  sold  to  new  plants 
which  would  preferably  be  located  as  near  as  possible  to  the  new 
power  houses.  Transforming  and  transmission  costs  would  be  the 
same  for  all  four  propositions,  except  that  the  tailrace-tunnel  prop- 
osition would  be  somewhat  handicapped  by  the  fact  that  there  are 
fewer  available  factory  sites  near  it  than  near  the  others. 

The  Question  of  the  most  economical  method  of  utilizing  the  pres- 
ent autnorized  diversion  of  20,000  cubic  feet  of  water  per  second 
under  the  assumption  that  the  companies  now  usin^  this  diversion 
must  be  compensated  if  it  is  taken  away  from  them  will  now  be  taken 
up.    The  best  way  to  care  for  the  Pettebone  Cataract  Paper  Co., 
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Cataract  City  Milling  Co.,  and  Lockport  interests  would  seem  to  be 
to  compensate  them  for  the  loss  of  the  water  by  providing  a  suitable 
supply  of  electric  power  at  very  low  rates  and  under  favorable  con- 
ditions of  contract.  In  case  tne  new  power  plants  do  not  have  a 
transmission  line  to  Lockport,  power  might  be  purchased  from  the 
Niagara,  Lockport  &  Ontario  Power  Co.,  and  resold  to  plants  at  that 
place  at  rates  which  would  protect  those  interests  from  loss.  The 
cost  of  providing  such  compensation  for  all  these  interests  is  very 
uncertain,  the  matter  being  a  complex  one.  In  order  to  have  some- 
thing to  go  by,  it  will  be  assumed  that  the  Pettebone  interests  are 
supplied  3,000  horsepower,  at  $7  per  horsepower  per  annum,  the 
power  costing  the  generating  company  $16  per  horsepower  per  annum 
to  provide,  and  making  the  net  cost  to  the  generating  company 
$27,000  per  annum.  Similarly,  it  will  be  assumed  that  10,000  horse- 
power is  furnished  Lockport  interests,  at  $10  per  horsepower  per 
annum,  the  power  costing  $22  per  horsepower  per  annum,  or  a  net 
amount  of  $120,000  per  annum.  On  these  assumptions  the  total  cost 
of  compensating  the  Pettebone  and  Lockport  interests  will  be  $147,- 
000  per  annum. 

The  new  proposition  must  also,  under  these  assumptions,  be 
charged  with  paying  a  just  return  to  the  present  Niagara  Falls 
Power  Co.  to  compensate  for  destroying  assets  of  that  company. 
This  is  another  item  which  at  present  seems  absolutely  indetermi- 
nate. As  a  basis  for  arriving  at  it  a  complete  inventory  of  the 
property  would  first  have  to  be  made,  and  all  tangible  and  intan- 
gible items  concerned  carefully  appraised.  It  is  thought  that  this 
charge  should  not  apply  to  such  properties  of  the  present  company 
as  transformer  houses  and  equipment,  transipission  lines,  railroads, 
real  estate  held  for  development,  and  foreign  and  domestic  power 
plants  or  distributing  plants  owned.  It  should  include  generators, 
switch  gear,  conductors,  and  electrical  accessories,  owned  by  the 
Aluminum  Co.  of  America,  and  the  Cliff  Electrical  Distributing  Co., 
in  so  far  as  they  form  component  parts  of  the  present  power  plant. 

In  explanation  of  the  exclusion  of  transformer  houses,  transmis- 
sion lines,  distributing  plants,  etc.,  it  may  be  stated  that  the  assump- 
tion was  that  electric  power  would  be  sold  to  the  Niagara  Falls 
Power  Co.  at  a  price  sufficient  to  permit  it  to  operate  its  transform- 
ers, transmission  and  distributing  system,  supplying  its  present  cus- 
tomers, and  receiving  a  fair  return  upon  the  fair  value  of  this  por- 
tion of  its  plant. 

Under  the  assumption  stated  above  the  charge  for  compensation 
would  properly  cover  all  fixed  annual  charges  against  those  por- 
tions of  the  physical  property  of  the  Hydraulic  Power  Co.  and  old 
Niagara  Falls  Power  Co.  now  used  as  parts  of  hydroelectric  plants, 
but  made  partially  or  wholly  unserviceable  under  the  new  scheme- 
to  the  extcoit  that  these  charges  could  not  be  met  by  other  uses  or 
disposition  of  the  properties.  In  addition,  it  appears  that  some  com- 
pensation might  lustly  be  required  for  intangible  values,  including, 
to  some  extent,  the  present  opportunity  of  the  company  for  profit. 
If  the  new  project  was  allotted  to  the  present  company  the  opportu- 
nity for  profit  thus  afforded  might  well  be  held  to  replace  the  lost 
opportunity.  The  following  figures  were  computed  from  data  given 
in  Moody's  Manual  for  1918,  in  order  to  give  certain  information 
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for  the  Hydraulic  Power  Co.,  Cliff  Electrical  Distributing  Co.,  and 
old  Niagara  Falls  Power  Co.,  combined,  for  the  year  1917: 

Gross  Income $6, 204, 837 

Operating  expenses,  taxes,  and  Insurance 2,607.878 

Interest 1, 377»  200 

Available  for  depreciation,  surplus,  and  dividends 2,219,099 

The  gross  income  given  is  from  all  sources.  The  expenses  cover 
transmission  systems,  transformer  buildings  and  equipment,  and  real 
estate  not  essential  to  the  plant  as  a  power-producing  enterprise. 
Proper  division  between  the  items  which  are  essential  and  those  not 
essential  to  the  power-producing  enterprise  is  impossible  with  the 
data  at  hand,  and  doubtless  would  be  considered  impossible  by  the 
companies  themselves  with  all  the  data  at  their  command.  It  will  be 
assumed  that  a  sum  of  $2,000,000  per  annum  is  a  proper  compensation 
to  the  present  Niagara  Falls  JPower  Co. 

In  the  case  of  the  compound  two-stage  proposition,  part  of  the  plant 
of  this  company  is  retained.  Of  course,  nxed  charges  on  this  must  be 
included  in  the  final  cost  of  power  development.  While  the  distribu- 
tion of  cost  would  differ  in  minor  details  in  this  case  the  differences 
would  be  small  and  because  of  the  great  uncertainty  involved  the  same 
figure  of  $2,000,000  per  annum  will  be  used  in  this  case  also. 

Table  No.  43  is  based  on  the  assumptions  enumerated  in  the  pre- 
ceding paragraphs. 

The  present  customers  of  the  existing  plants  will  very  likely  be 
retained,  and  the  present  transforming,  transmitting,  and  distributing 
equipment  utilized  to  its  full  extent,  in  each  case  more  than  100,000 
horsepower  must  be  transmitted  between  the  present  plants  of  the 
Hydraulic  Power  Co.  and  old  Niagara  Falls  Power  Co.  No  allowance 
has  been  made  for  the  cost  of  this  item.  It  is  thought  the  expense 
might  be  moderate  if  the  necessary  cables  were  placed  m  the  discharge 
tunnel  of  the  Niagara  Falls  Power  Co.  This  cost  item  does  not  affect 
the  comparison  between  plants,  as  it  applies  equally  to  all.  For  the 
power  canal  and  pressure  tunnel  projects  the  present  output  of  the 
existing  plants,  about  250,000  horsepower,  would  have  to  be  trans- 
mitted from  the  lower  gorge  up  to  the  present  milling  district.  From 
the  best  data  available  it  is  estimated  that  the  yearly  cost  of  this 
service  would  not  exceed  $350,000,  and  that  the  power  loss  would  not 
exceed  8,000  horsepower.  This  would  increase  the  annual  cost  per 
horsepower  from  $14  to  $14.90  for  the  power  canal  proposition,  and 
from  $15.40  to  $16.30  for  the  pressure  tunnel  proposition,  as  shown  in 
the  last  column  of  Table  No.  43.  Matters  of  promotion,  finance,  etc., 
may  be  assumed  the  same  in  all  cases,  and  so  not  to  affect  the  validity 
of  the  final  comparison. 

As  regards  the  effect  on  capital  cost,  and  consequently  the  effect  on 
fixed  annual  charges,  of  cost  promotion,  financing,  organization,  de- 
velopment of  market  and  going  concern^  there  is  a  point  worthy  of 
note.  In  either  of  the  two-stage  propositions  the  cost  of  the  upper 
stage  development  is  only  about  one-half  of  the  total  cost,  while  the 
upper  plant  produced  more  than  two-thirds  of  the  total  power.  More- 
over the  first  power  could  be  produced  sooner  in  the  two-stage  than 
in  the  single-stage  development ;  and  commencement  on  construction 
of  the  mam  tunnel  could  be  longer  delayed,  because  the  upper  stage 
plant  would  be  able  meantime  to  supply  the  growing  market.  The 
result  is  that  far  less  unproductive  investment  is  earned  at  any  time 
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iritb  a  two-stage  than  with  a  single-stage  development,  and  the  capital 
cost  per  horsepower  produced  is  less  until  the  projects  near  comple- 
tion. This  condition  would  lead  to  better  credit  and  a  sounder 
financial  condition  during  the  construction  period,  which  in  turn 
might  make  possible  the  flotation  of  bonds  on  better  terms. 

Thus  far  in  the  discussion  the  production  cost  only  has  been  dwelt 
upon.  A  chance  for  profit  is  necessary  in  such  an  enterprise  in  order 
to  induce  business  men  to  undertake  the  risk  of  running  the  busi- 
ness and  to  spur  them  to  the  endeavors  likely  to  bring  it  success.  In 
fact,  experience  teaches  that  a  speculatitve  profit  not  only  is  neces- 
sary for  inducing  the  highest  degree  of  managerial  efficiency,  but  is 
considered  essential  by  investors  as  a  "  margin  of  safety  "  on  bonds 
to  hold  up  theii'  value  and  thus  prevent  increase  in  effective  in- 
terest rate.  A  reasonable  profit  is  a  proper  assumption.  It  seems  to 
be  a  fact  that  owners  of  a  company  are  more  willing  to  reinvest 
earnings  in  the  company's  capital  than  to  borrow,  although  strictly 
the  cost  of  such  capital  is  the  same  in  either  case.  The  two-stage 
plant  would  begin  to  sell  power  much  sooner  than  the  single-stage 
plant,  and  such  profit  as  was  derived  from  these  sales  would  repre- 
sent an  accumulation  of  capital  not  available  to  the  single-stage  plant. 
If  selling  prices  were  so  adjusted  as  to  yield  a  satisfactory  profit 
after  the  plant  was  completed,  then  the  margin  would  be  still  greater 
during  the  first  few  years  in  the  case  of  the  two-stage  project  Wause 
of  the  lower  capital  cost  and  consequent  smaller  fixed  charges  per 
horsepower  on  the  upper-stage  plant.  In  addition  to  swelling  protits 
and  lessening  the  coat  of  financing  a  project,  an  increase  in  the  sell- 
ing price  of  power  has  an  influence  on  construction  cost  by  modify- 
ing the  economic  sizes  of  conduits  and  other  plant  items.  Thus, 
while  an  increase  in  selling  price  per  horsepower  year  adds  to  the 
annual  income,  it  at  the  same  time  adds  to  the  value  of  power  lost 
in  conduits,  etc.  An  increase  in  size  of  conduits  will  diminish  the 
power  loss  at  the  expense  of  the  fixed  annual  charges.  The  extent  of 
the  increase  in  size  economically  justifiable  under  the  new  conditions 
is  determined  by  the  principle  that  the  sum  of  annual  fixed  charges 
plus  annual  value  of  power  loHt  shall  be  a  minimum.  Were  com- 
petition likely  to  force  selling  prices  down  to  cost,  the  economic 
sizes  would  necessarily  be  based  on  a  minimum  cost  of  producing 
power  consistent  with  the  scope  of  the  proposition  adopted. 
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An  important  factor  in  the  determination  of  the  most  suitable 
power-development  project  for  Niagara  Falls  is  the  matter  of  rate 
of  absorption  of  the  power  produced.  The  estimates  heretofore 
given  were  all  made  while  the  war  was  in  progress,  and  it  appeared 
almost  certain  that  any  power  developed  at  Niagara  Falls  would  be 
absorbed  as  rapidly  as  it  could  be  produced.  There  was  one  request 
for  700,000  horsepower  in  a  single  block.  Accordingly  the  rate  of 
construction  assumed  was  what  might  be  termed  rush-work  rate, 
and  the  power  was  supposed  to  be  absorbed  as  fast  as  available.  If 
the  power  was  absorbed  less  rapidly,  however,  construction  interest 
would  increase,  and  the  increase  would  be  gi'eater  in  the  single- 
stage  than  in  the  two-stage  plan,  largely  because,  in  the  latter  ease, 
development  of  the  second  stage  could  he  delayed  a  longer  time.  A 
larger  proportionate  number  of  horsepower  hours  would  be  sold 
during  the  first  few  years  from  the  two-stage  than  from  the  single- 
stage  plant,  the  ratio  increasing  as  the  rate  of  absorption  decreased. 

Table  No.  44  has  been  prepared  to  show  the  different  rates  of  con- 
struction interest  for  the  various  propositions  based  on  two  widely 
different  rates  of  absorption  of  power.  The  high  rate  of  absorption 
is  that  assumed  in  the  original  computation  in  each  case.  For  the 
power-canal  proposition,  for  example,  it  was  243,000  horsepower  at 
the  end  of  two  and  one-half  years  and  139,000  horsepower  each  year 
thereafter  until  completion.  The  low  rate  of  absorption  of  power 
assumed  was  15,000  norsepower  first  absorbed  at  the  same  time  as 
the  first  power  in  the  other  case,  and  a  uniform  rate  of  60,000  horse- 
power per  annum  thereafter  until  completion  of  tiie  plant  Rates 
of  construction  interest  are  on  the  entire  construction  cost,  less 
interest,  as  given  in  the  estimate  summaries. 

Table  No.  44 — Rates  of  conatntction  interest^  showing  variation  with  chnntfc  in 

rate  of  absorption  of  power. 


No. 


1 

4 

5 


Proposition. 


Total  cost, 
less  coDstnic- 
tion  interest. 


Power  canal: 

First  20,000  cubic  feet  per  second. . 

Second  20,000  cubic  feet  per  second 
Simple  two-stage: 

Upper  stage  only 

Lower  stage  only 

Conipound  two-stam: 

Upper  stage  only 

Lower  stage  only 


940,351,000 
40,351,000 

29,465,000 
27,499,000 

20,174,000 
31,406,000 


Rate  of  oonstraction 
interest. 


At  origl-   I  At  powa" 
nally  as-   t  absorption 

sumed  rate  rate  of  60,iOOO 
of  power  i horsepower 

absorption,    per  year. 

i 


Per  cent. 


8 
8 

7 

8 

5 
9 


PereeiU. 


18 
19 

14 

11 

8 
11 


What  a  hydroelectric  generating  station  has  to  sell  is  electric 
energy,  and  tnis  is  a  capacity  to  do  work.  Kate  of  work  is  expressed 
customarily  in  horsepower  or  in  kilowatts,  and  electric  energy  in 
kilowatt  hours,  horsepower  hours,  or  horsepower  years.  The  revenue 
depends,  of  course,  somewhat  on  the  form  of  selling  contracts,  but 
in  general  it  is  fair  to  assume  that  the  ultimate  amount  of  revenue 
depends  very  largely  on  the  number  of  kilowatt  hours  produced. 
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The  two-stage  proposition  has  an  advantage,  during  the  first  few 
^rears  after  construction  is  commenced,  over  the  single-stage  proposi- 
tion, because  power  is  produced  so  much  sooner.  As  time  goes  on, 
however,  the  total  production  by  the  single  stage  overtakes  and  sur- 
passes that  by  the  two  stage.  The  first  20,000  cubic  feet  per  second 
development  has  a  considerable  advantage  over  the  second  in  that 
power  will  continue  to  be  produced  by  the  present  plants  until  the 
time  the  water  is  needed  for  the  new  stations.  This  early  advantage 
of  the  two-stage  proposition  is  larger,  and  continues  longer,  when 
the  rate  of  construction  and  rate  of  power  absorption  are  low.  Thus 
at  the  originally  assumed  rate  of  power  absorption  the  total  power 
production  by  the  power  canal  proposition  overtakes  that  by  the 
simple  two-stage  proposition  in  3^  years  after  commencement  of 
construction,  and  thereafter  is  greater,  its  advantages  continuing  to 
increase  slightly. 

At  the  60,000  horsepower  rate  of  absorption  the  point  of  equality 
is  reached  in  42^  years.  It  is  perhaps  somewhat  more  correct  to 
compare  the  propositions  on  the  basis  of  total  amount  of  energy 
produced  per  dollar  of  construction  cost.  On  this  basis  the  power 
canal  proposition  overtakes  the  simple  two-stage  proposition  in  3J 
years  at  the  original  rate  of  power  consumption,  and  in  7| 
years  at  the  60,000  horsepower  per  annum  rate  of  absorption. 
In  point  of  power  production  per  dollar  of  construction  cost  the 
power  canal  proposition  overtakes  the  compound  two-stage  prop- 
position  at  the  high  rate  of  absorption  of  power  in  2f  years,  and 
at  the  low  rate  of  absorption  in  9^  years.  The  whole  compari- 
son is  very  unstable,  depending  upon  the  estimates  of  cost  of  con- 
struction and  time  of  construction,  a  very  important  factor  bein^ 
the  estimate  of  length  of  time  taken  to  produce  first  power  in  each 
case.  The  computations  which  were  made  and  the  curves  which 
were  plotted  while  studying  this  matter  indicate  definitely  that  on 
the  assumptions  of  the  estimates  the  power  canal  proposition  is  con- 
siderably superior  to  the  simple  two-stage  proposition  as  regards 
total  output  per  dollar  invested,  for  any  reasonable  assumption  of 
rate  of  power  absorption,  readily  surpassing  the  latter  in  12  years 
or  less,  depending  upon  the  rate  of  absorption.  The  pressure  tunnel 
is  about  midway  between  the  two  in  this  respect.  Considering  the 
compound  two-stage  proposition  it  appears  that  the  pressure  tunnel 
project  is  a  little  better,  and  the  power  canal  project  considerably 
better  at  a  high  rate  of  power  absorption,  but  at  a  very  low  rate  of 
absorption  the  compound  two-stage  proposition  considerably  sur- 
passes the  pressure  tunnel  project,  and  fells  very  little  behind  the 
power  canal  project. 

There  is  one  more  consideration  worthv  of  note.  In  case  con- 
struction operations  on  a  proposed  power  development  were  for  any 
reason  suspend^  before  completion,  the  unproductive  expenditure 
then  existing  would  be  smaller  for  the  two-stage  than  for  the  single- 
stage  propositions,  unless  they  were  very  nearly  completed. 

There  is  a  question  as  to  whether  or  not  the  power-development 
propositions  should  be  required  to  assume  any  part  of  the  expense 
of  constructing  remedial  works  just  above  Horseshoe  Falls  or  else- 
where in  Niagara  River. 


i* 
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To  sum  up  the  comparison  of  the  single-stage  and  two-stage 
propositions,  there  is  shown  in  favor  of  the  single-stage  proposition : 

1.  Lower  construction  cost  per  horsepower. 

2.  Lower  unit  cost  of  power  production. 

3.  Greater  total  financial  return  per  dollar  invested,  except  in  case 
absorption  of  the  power  developed  takes  place  at  a  very  slow  rate. 

There  is  shown  m  favor  of  the  two-stage  proposition : 

1.  Increasing  advantage  as  rate  of  power  absorption  decreases. 

2.  Superiority  of  compound  two-stage  proposition  at  very  low 
power-aosorption  rate. 

3.  Easier  financing. 

4.  First  power  produced  sooner. 

5.  Better  credit  maintained. 

6.  Total  return  from  sale  of  power  greater  for  first  few  years. 

7.  In  case  of  suspension  of  construction  activities  before  comple- 
tion there  would  be — 

(a)  Smaller  capital  cost  per  horsepower  produced. 
b)  Less  unproductive  expenditure  carried, 
study  of  the  foregoing  presentation  of  estimates,  facts,  and 
ideas  and  the  comparison  and  discussion  of  them  leads  to  the  con- 
clusion that  for  utilizing  the  present  authorized  diversion  of  20,000 
cubic  feet  of  water  per  second  from  Niagara  Kiver  above  the  falls 
there  is,  on  the  whole  very  little  to  choose  between  the  compound 
two-stage  proposition  and  the  power-canal  proposition. 

The  study^  further  shows  that  for  a  second  development,  designed 
to  utilize  an  additional  and  similar  diversion  of  20,000  cubic  feet 
per  second,  a  power-canal  project  similar  to  that  presented  is  much 
cheaper  than  any  other  scheme. 

The  power  canal  proposed  would  not  be  navigable,  and  it  could 
not  properly  be  made  a  part  of  a  navi^ble  waterwav.  No  combi- 
nation of  power  development  with  navigable  canal  CTom  upper  to 
lower  river  is  justifiable  on  the  basis  of  power  production.  The 
La  Salle  to  Lewiston  route  is  the  best  for  a  ship  canal.  It  is  cheaper 
to  construct  this  canal  of  200- foot  width  and  80-foot  depth  for  navi- 
gation use  only,  and  also  the  power-canal  proposition,  than  to  con- 
struct the  combined  power  and  ship-canal  proposition.  The  com- 
bined proposition  would  no  doubt  have  more  ice  difficulties  than  the 
power-canal  proposition. 

In  Section  E  of  the  report  it  has  been  pointed  out  that  40,000  cubic 
feet  per  second  may  safely  be  diverted  around  the  Whirlpool  and 
Lower  Rapids,  this  being  the  total  for  both  sides.  The  wisdom  of 
diverting  anv  more  is  doubted,  and  it  is  felt  that  this  amount  should 
be  diveited  nrst  and  observation  of  the  resultant  effects  noted  before 
further  diversions  are  permitted.  It  was  also  pointed  out  that  at 
least  80,000  cubic  feet  per  second  might  be  diverted  around  the  Falls 
^om  the  Chippawa-Grass  Island  Pool  to  the  Maid  of  the  Mist  Pool, 
the  latter  diversion  being  permissible  only  on  condition  that  adequate 
remedial  works  be  constructed  just  above  Horseshoe  Falls. 

The  studies  given  in  the  preceding  pages  indicate  that  if  a  new 
treaty  should  authorize  such  a  diversion,  eaually  divided  between  the 
two  countries,  the  most  economical  method  of  utilizing  the  portions 
on  the  American  side  would  be  to  complete  the  upper  stage  of  the 
compound  two-stage  proposition  to  care  for  a  diversion  of  20,000 
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cubic  feet  per  second  from  the  Chippawa-Grass  Island  Pool  to  the 
Maid  of  the  Mist  Pool,  and  then,  wnen  the  market  for  power  was 
right,  construct  a  single-stage  development  to  care  for  a  diversion 
of  20,000  cubic  feet  per  second  from  the  Chippawa-Grass  Island 
Pool  to  the  lower  gorge  at  Kiverdale  Cemetery.  The  construction 
of  the  lower-stage  portion  of  the  compound  two-stage  proposition 
and  the  building  ox  another  single-stage  plant  to  care  lor  a  third 
20,000  cubic  feet  per  second  remain  as  interesting  possibilities  for 
the  future,  which  might  ultimately  be  built  in  case  observation  and 
study  of  the  effects  of  increased  diversion  over  a  period  of  years 
should  show  these  projects  to  be  desirable. 

W.  S.  Richmond. 


Appendix  E. 
EFFECTS  OF  DIVEESIONS  UPON  LAKE  LEVELS. 


[Section  6  of  Mr.  Richinond'M  report.] 
1.   GENERAL  PRINCIPLES. 

The  Great  Lakes  are  essentially  a  series  of  natural  reservoirs  in 
which  are  stored  large  volumes  of  water  collected  from  their  respec- 
tive drainage  basins.  The  connecting  and  outflow  rivers  are  the 
overflows  for  these  reservoirs.  The  amounts  of  water  in  storage  are 
dependent  upon  the  differences  between  supply  and  overflow  and 
are  measured  by  the  heights  of  water  in  the  reservoirs.  Variations 
in  lake  levels  thus  register  the  variable  differences  between  net  sup- 
ply and  discharge.  When  the  rate  of  supply  to  a  lake  is  greater  than 
the  discharge,  the  amount  of  storage  increases  and  the  stage  of  the 
lake  rises,  and  when  less  the  storage  decreases  and  the  lake  falls. 
Except  when  obstructed  by  ice,  the  outflow  or  discharge  through  the 
natural  outlet  increases  or  decreases  with  the  head  or  stage  of  water 
in  the  lake  and  with  the  slope  of  the  outflowing  stream.  Under 
these  natural  laws  there  is  a  constant  tendency  toward  equalization 
of  supply  and  discharge.  For  instance,  if  the  supply,  which  is 
usually  variable  from  month  to  month  and  from  year  to  year,  should 
become  constant,  the  stage  of  water  in  the  lake  would  soon  reach  and 
remain  at  a  height  whereby  the  discharge  would  exactly  equal  the 
supply.  If  the  supply  should  be  increased  or  decreased  by  a  constant 
amount,  the  level  of  the  lake  would  gradually  change  until  a  new 
level  was  reached  where  the  supply  and  discharge  would  again  be 
equal.  There  is  the  same  natural  tendency  toward  equalization  when 
through  natural  or  artificial  agencies  the  capacity  of  the  outlet  or 
outlets  is  changed.  Assuming  that  the  stage  of  a  lake  is  at  a  height 
where  the  supply  and  discharge  are  equal,  if  the  outlet  is  enlarged 
or  an  additional  outlet  is  created,  the  discharge  must  necessarily  be 
increased  for  a  time,  and  as  the  supply  is  unaffected,  the  storage  is 
diminished  and  the  stage  of  water  falls.  With  the  falling  stage  the 
discharge  decreases  until  the  rates  of  supplv  and  discharge  Income 
equal.  With  a  variable  supply  the  effect  is  fundamentally  the  same, 
although  it  may  be  masked  by  the  changes  in  level  caused  by  the 
change  in  supply.  For  instance,  if  when  the  outlet  is  enlarged,  the 
supply  happens  to  increase  by  a  greater  amount  or  faster  than  the 
simultaneous  increase  in  capacity  of  discharge,  the  result  is  an  in- 
creasing stage.  However,  the  increase  in  stage  in  such  case  is  less 
than  it  would  have  been  without  the  change  in  outflow  conditions 
and  the  lowering  effect  is  real  although  not  apparent. 

Such  is  the  effect  of  uncompensated  diversions  from  the  Oreat 
Lakes.    The  water  supply  to  each  lake  depends  on  the  inflow  of 
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streams,  seqpage  |rom  adjacent  groim4)  rainfall  on  the  lake  surface, 
and  evaporation  from  the  lake  surface.  The  supply  of  the  inflowing 
streams  depends  primarily  on  rainfall  on  and  evaporation  from  their 
drainage  basins.  In  each  drainage  basin  the  run-off  and  evaporation 
•dependon  the  nature  of  the  topography,  character  of  the  sou,  extent 
and  character  of  the  vegetation,  and  the  prevailing  winds  and  tem- 
peratures. If  the  net  supply  were  constant,  or  if  it  were  precisely 
measurable,  the  levels  of  the  lakes  could  be  made  to  show^  by  direct 
observation  the  effects  of  diversions.  Gauge  records  for  this  purpose 
would  necessarily  extend  over  considerable  periods  of  time  to  elemi- 
nate  effects  of  wind  and  atmospheric  pressure.  Wind  effects  reach  a 
maximum  on  Lake  Erie,  where,  durmg  storms,  the  eastern  end  is 
sometimes  15  feet  higher  than  the  western  end.  Because  the  supply 
is  variable  and  only  roughly  determinable,  its  effects  on  water  levels 
can  not  be  separated  from  that  of  diversions,  and  hence  the  latter 
can  be  measured  or  demonstrated  only  in  an  indirect  way.  However, 
there  is  a  direct  relationship  between  the  water  levels  and  the  natural 
capacity  for  discharge,  and,  through  the  determination  of  this  rela- 
tionship, it  is  possible  to  ascertain  with  certainty  the  effects  on  water 
levels  oi  changes  in  outflow  conditions  or  of  artificial  diversions. 
This  may  be  iUustrated  by  a  simple  hypothetical  case.  Consider  a 
small  pond  or  artificial  reservoir  whose  sole  supply  of  water  is  from 
a  single  brook  and  whose  sole  outlet  is  over  a  fixed  weir  or  dam  at 
the  opposite  end. 

Assuming  that  the  inflow  is  constant  and  that  there  are  no  losses 
in  the  pond,  it  is  obvious  that  the  outflow  over  the  dam  will  be  con- 
stant and  will  equal  the  supply  from  the  brook;  also  the  depth  of 
water  over  the  crest  of  the  dam,  which  is  measured  by  the  height  of 
water  in  the  pond,  will  remain  constant.  This  ^raieral  condition 
holds  true  for  any  constant  supply  regardless  of  its  amount,  but 
manifestly  the  depth  of  water  over  the  dam  will  not  be  the  same  for 
different  rates  of  supply.  If  by  any  means  the  supply  from  the 
brook  or  its  equivalent,  the  discharge  over  the  dam,  is  measured,  the 
depth  or  level  of  water  at  the  time  of  measurement  will  mark  the 
stage  which  corresponds  with  the  measured  rate  of  supply  or  dis- 
charge. If  measurements  are  repeated  for  other  rates  of  supply  or 
discharge,  and  the  corresponding  heights  of  water  observed,  addi- 
tional equivalents  of  stage  and  discharge  are  determined,  and  when 
the  number  of  such  measurements^  is  sufficient  to  plot  a  graphical 
curve  or  derive  an  empirical  equation  of  relationship  between  stage 
and  discharge,  the  discharging  capacity  of  the  dam  is  known  for 
unj  stage  within  the  limits  of  observation. 

in  this  suppositious  case,  consider  that  the  curve  or  equation  of 
relationship  between  stage  and  discharge  has  beeft^estabhshed  and 
that  for  discharges  of  1,TO0  and  600  cubic  feet  per  second  the  stages 
of  water  are  4  feet  and  3  feet,  respectively,  above  the  crest  of  the 
dam.  Suppose  a  second  outlet  is  created  and  that  when  uniform 
flow  has  been  established  it  is  determined  that  the  flow  through  the 
second  outlet  is  400  cubic  feet  per  second  and  the  stage  of  water  is  3 
feet.  Manifestly  the  flow  over  the  dam  at  the  original  outlet  is  600 
•cubic  feet  per  second  and  the  supply,  which  is  equal  to  the  total  dis- 
charge, is  1,000  cubic  feet  per  second.    Without  the  second  outlet  the 
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stage  would  be  4  feet,  with  it  the  stage  is  3  feet,  hence  the  lowering 
caused  by  the  second  outlet  is  1  foot. 

Conditions  on  the  Great  Lakes  are  essentially  the  same  as  those 
considered  above.  The  Lakes  themselves  correspond  to  the  pond,  the 
outflow  rivers  correspond  to  the  outlet  at  the  dam,  and  diversions 
from  the  Lakes  are  the  same  in  effect  as  the  discharffe  through  a  new 
outlet.  Long  series  of  discharge  measurements  in  the  outflow  rivers 
have  been  made  by  the  United  States  Lake  Survey  Office  and  the 
results  have  furnished  discharge  equations  based  on  stages  in  the 
Lakes.  By  means  of  these  discharge  equations  the  effect  upon  the 
levels  of  the  Lakes  for  any  change  in  outflow  conditions  may  be 
determined. 

Diversions  from  the  Great  Lakes  may  be  divided  into  three  classes 
in  respect  to  their  effect  upon  water  levels,  namely,  (a)  those  which 
are  returned  to  the  same  body  or  level  of  water  from  which  they  are 
diverted,  and  which  consequently  have  no  permanent  effect  upon  the 
water  levels,  (6)  those  which  are  returned  to  a  lower  level  of  water 
in  the  Great  Lakes  basin  and  which,  unless  compensated  for,  lower 
the  levels  of  those  bodies  of  water  at  and  somewnat  upstream  from 
the  point  of  withdrawal  and  all  the  others  downstream  from  them  to 
but  not  beyond  the  body  of  water  to  which  they  are  returned,  and 
(c)  those  which  are  permanently  removed  from  the  basin  and  which 
lower  water  levels  at  and,  in  some  cases,  upstream  from  the  point  of 
withdrawal  and  all  those  downstream  through  the  lower  laKes  and 
rivers  to  the  level  of  the  sea.  The  upper  limits  of  effects  produced 
by  the  latter  two  classes  of  diversions  are  the  uppermost  levels  of 
water  which  are  dependent  upon  or  are  effected  by  the  levels  at  the 
points  of  withdrawal. 

Examples  of  the  three  classes  of  diversions  and  the  limits  of  their 
effects  on  water  levels  are  as  follows : 

(a)  Water  pumped  from  Lake  Michigan  at  Milwaukee  for  the 
flushing  of  Milwaukee  Kiver,  or  water  pumped  for  sanitary  purposes 
at  Duluth,  Toledo,  Cleveland,  and  other  cities  similarly  situated,  is 
returned  directly  to  the  Lakes,  and  obviously  does  not  change  the  net 
supply  to  these  Lakes  or  the  volume  of  outflow  through  their  natural 
outlets,  and  hence  does  not  affect  their  levels. 

(&)  JDiversions  from  Lake  Erie,  through  the  Welland  Canal  lower 
the  waters  of  the  lakes  and  rivers  from  the  head  of  Lake  Michigan  and 
the  foot  of  St.  Marys  Falls  down  to  the  lower  end  of  Niagara  River. 
As  the  water  is  returned  to  Lake  Ontario  they  do  not  affect  the  levels 
of  that  lake  nor  of  the  St.  Lawrence  River. 

(c)  The  diversion  from  Lake  Michigan  through  the  Chicago  Drain- 
age Canal  lowers  all  lakes  and  rivers  of  the  Great  Lakes  system  doivn 
to  the  Gulf  of  St.  Lawrence  with  the  exception  of  Lake  Superior  and 
St.  Marys  River  above  the  foot  of  St.  Marys  Falls. 

2.   OUTLETS  OF  THE  LAKES  AND  FORMULAS  OF  DISCHARGE. 

St,  Marys  River, — ^The  natural  outflow  from  Lake  Superior  is 
through  the  St.  Marys  River,  and  the  level  of  the  lake  was  originally 
determined  by  the  natural  discharging  capacity  of  St.  Marys  Falls. 
These  rapids,  with  a  fall  of  about  19  feet  in  less  than  a  mile,  form 
practically  a  free  overfall  weir ;  in  other  words,  changes  in  the  level  of 
the  water  at  their  foot  have  no  effect  upon  their  discharging  capacity. 
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The  natural  flow  has  been  changed  by  the  construction  of  the  piers  of 
the  international  railroad  bridge,  by  filling  in  along  either  shore,  by 
the  construction  of  canals  and  locks  on  botn  sides  of  the  river,  by  the 
diversion  of  water  for  power  purposes,  and  by  the  construction  of 
reflating  works  in  the  river  above  the  international  bridge. 

Measurements  of  the  flow  of  the  river  have  been  made  by  the 
Lake  Survey  Office  in  1896,  1899,  1900,  1901,  1905,  and  1908,  each 
series  of  measurements  determining  the  relation  between  stage  and 
flow  for  the  particular  time  in  which  they  were  made.  Since  the 
time  of  the  last  measurements  the  restrictions  have  been  increased, 
until  at  the  present  time  there  is  only  about  25  per  cent  of  the  orig- 
inal area  and  33  per  cent  of  the  original  discharging  capacity  open 
to  free  flow.  Twenty-two  per  cent  of  the  area  and  11  per  cent  of 
the  discharge  is  obstructed  by  the  head  race  of  the  United  States 
Power  Station,  formerly  owned  and  operated  by  the  Chandler- 
Ihinbar  Water  Power  Co.,  and  by  the  permanent  structures  of  the 
controlling  works,  while  53  per  cent  of  the  area  and  56  per  cent  of 
the  original  capacity  of  discharge  are  under  direct  control  by  means 
of  the  movable  gates  of  the  regulating  works.  Present  plans  con- 
template further  extension  of  controlling  works  to  the  full  width  of 
the  open  river,  and  a  portion  of  these  works  are  under  construction. 
It  is  probable  that  the  outflow  from  Lake  Superior  will  be  brought 
under  full  control  at  some  not  far  distant  date. 

jSt.  Clair  River. — ^The  natural  outlet  from  Lakes  Michigan- 
Huron  is  through  the  St.  Clair  River,  which  is  relatively  broad  and 
deep  with  but  little  fall.  The  flow  through  the  river  depends,  there-. 
fore,  not  onlv  upon  the  elevation  of  Lake  Huron,  but  also  upon  the 
elevation  of  Lake  St  Clair,  which  in  turn  depends  upon  the  eleva- 
tion of  Lake  Erie.  Measurements  of  the  flow  of  the  ^i.  Clair  River 
have  been  made  by  the  United  States  Lake  Survey  during  two 
periods,  each  covering  several  seasons,  the  first  1899-1902,  the  sec- 
ond 1908-1910.  As  there  was  no  material  change  in  the  regimen  of 
the  river  between  these  periods,  all  of  the  measurements  were  available 
for  the  determination  of  a  law  of  discharge.  As  the  stage  of  Lake  St. 
C3air  usually  follows  that  of  Lake  Huron  rather  closely,  the  differen- 
tiation of  headwater  and  backwater  effects  is  somewhat  difficult. 
Using  a  modified  formula  for  a  submerged  weir,  an  equation  has  been 
derived  by  the  Lake  Survey  Office  which  fits  the  observations  excel- 
lently and  appears  to  be  satisfactory.  This  equation,  which  applies  to 
present  conditions  and  is  good  at  least  as  far  back  as  1903  and  possibly 
1895,  is  as  follows : 
Discharge  cubic  feet  per  second  St.  Clair  River=8758  ((H-567.51)  + 

1.26(h-567.51))(H-h)» 
in  which  H  is  the  elevation  above  sea  level  on  the  Fort  Gratiot  gauge 
and  h  is  the  elevation  above  sea  level  on  the  St.  Clair  Flats  Canal 
gauge. 

As  the  elevation  of  Lake  Huron  is  usually  determined  by  or  referred 
to  readings  of  the  Harbor  Beach  gauge,  the  formula  has  been  modified 
to  fit  elevations  at  Harbor  Beach  by  means  of  a  known  law  of  relation- 
ship.   The  modified  formula  is : 
Discharge  cubic  feet  per  second  St.  Clair  River=:3820((H'-567.50)  + 

1.135(h-567.50))(H'-h)* 
in  which  H'  is  the  elevation  above  sea  level  on  Harbor  Beach  gauge 
and  h  is  the  elevation  at  St.  Clair  Flats. 
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•  .  Detroit  Rh>er. — The  Detroit  Eiver  may  be  conadered  a  continnaticm 
of  the  St.  Clair  River,  and  hence  a  section  of  the  dischar^  diaonel 
from  Lake  Huron,  Lake  St.  Clair  bei^g  merely  an  expansion  of  this 
channel  with  oomparatiyely  fflnall  storage  capacity.  6<xne  measni^ 
ments  of  the  -flow  in  the  Detroit  Biver  were  made  .-by  the  Lake  Survey 
in  1901-1902,  but  they  are  too  few  in  number  and  do  not  cover  a  suffi- 
cient range  in  stages  to  establish  a  law  of  flow. 

As  the  local  supply  to  Lake  St.  Clair  is  small  and  faidy  uniform 
during  the  summer  months^  it  is  possible  to  determine  an  approximate 
discharge  formula  for  the  Detroit  River  from  the  equation  ror  the  St. 
Clair  River.  From  the  monthly  mean  water  levels  at  Harbor  Beacb 
and  St.  Clair  Flails,  June  to  November,  inclusive,  for  the  yeaa^  1912- 
1918,  inclusive,  during  which  period  there  is  no  evidence  of  change  in 
the  regemen  of  either  river,  the  discharge  of  the  St.  Oiair  River  for 
each  month  has  been  computed;  and  with  these  values  of  the  disduirge 
and  the  corresponding  observed  elevations  at  St  Clair  Flats  and 
Cleveland*  an  equation  has  been  derived  in  terms  of  tdiese  hitter  gauges. 
This  equation  is : 
Discharge  cubic  feet  per  second  Detroit  Kiver=10767  ((h-667.25)-|- 

0.44(h'-567.26) )  (h-h')* 
in  which  h  is  the  elevation  above  sea  level  at  St.  Clair  Fiats  Canal 
gauge  and  h'  the  elevation  above  sea  level  on  the  Cleveland  gauge. 

The  values  ^ven  by  this  eqfiution  do  not  indude  the  local  supply  to 
Lake  St.  Clair  and  St.  Clair  River,  owing  to  the  manner  of  itsf  deriva- 
tion. 

Changes  in  regimen  in  the  St.  Clair  and  Detroit  Rivers^-^lt  ap- 
pears probable  that  there  have  been  some  changes  in  the  le^men  of 
the  St.  Clair  and  the  Detroit  Rivers  since  tiie  first  gauge  records  on 
these  rivers  were  obtained.  In  the  case  of  the  St.  Glair  Biver  these 
have  probably  not  been  large,  and  there  have  been  no  changes  of 
moment  due  to  improvements  for  navigation  purposes  suiob  tiie  cm- 
straction  of  the  canal  at  St.  Clair  Fiats.  Small  changes  in  the 
regimen  apparently  occur  from  year  to  year  due  largely  ix)  movemfint 
of  the  material  which  overlies  the  true  bottom.  Dtmng  storms  some 
material,  principally  sand  and  gravel,  is  brought  into  'Uie  ri^ar  from 
the  shores  of  Lake  Huron,  :and  is  carriad  from  point  to  point  doim 
the  river  by  varying  velocity  and  direction  of  the  current.  Bars  are 
built  up  along  the  shares  in  the  rajxlds  at  the  head  of  the  river  in  the 
fall,  but  are  of  short  duration.  Dredging  on  Black  River  Shoal  and 
in  the  liver  a1)ove  it  J\r) Dears  to  have  but  little  effect  on  thp  deptli. 
the  material  excavated  being  replaced  within  a  short  time.  There  is 
evidence  in  the  measurements  of  the  flow  indicating  that  these  small 
changes  occur  from  year  to  year,  but  are  only  temporary.  The 
measurements  of  flow  made  in  1902  compared  with  those  made  in 
1901  show  a  change  in  discharge. capacity  of  about  3  per  cent,  while 
the  measurements  of  1909  and  1910  are  about  midway  between  those 
.  of  1901  and  1902.  In  189&-99  four  ^sec^ions  were  established  near 
the  head  of  the  river,  and  were  very  carefully  sounded.  Soundings 
made  since  on  these  sections  indjbcate  that  there  has  been  no  measare- 
able  change  in  the  cross-section  of  the  river. 

La  the  l>etroit  River  there  has  probably  been  less  change  in  dis- 
char^g  capacity  due  to  natural  causes  than  in  the  St.  Clair  River, 
but  the  changes  due  to  improvements  for  navigation  and  other  pur- 
poses have  undoubtedly  been  larger.    The  construction  in  1872  of  the 
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bridge  at  Trenton  west  of  Gtobbc  Isle  and  the  piier  extending  some^ 
1,-WO  feet  into  the  main  channel  from  Stony  Island  materially  de- 
creased the  cross-section  of  the  river,  and  the  encroaching  dock  line 
alon^  the  Detroit  river  front  and  some  large  fills  on  the  Canadian 
side  have  farther  lessened  the  discharging  capacity.  The  ocmstmc- 
tion  of  the  Belle  Isle  bridge  in  1889  obstrnrted  an  appreciable  part  of 
the  cross-section  of  the  channel  west  of  Belle  Isle,  and  ttiust  have 
had  some  effect  on  the  discharging*  capacity  of  the  river.  On  the 
other  hand,  dredging  at  Lime  Kiln  Crossing  and  at  other  points  hag' 
tended  to  increase  the  capacity  of  the  river.  Thus  the  Detroit  River 
has  undergone  a  number  of  minor  changes  in  regimen,  the  effect  of 
which  has  been  compensating  to  a  considerable  extent 

The  greatest  change  in  regimen  and  the  only  one  of  which  the 
effects  were  directly  observed  was  that  occurring  in  the  years  1908- 
1911,  when  the  cofferdam  around  the  upper  section  of  the  Living- 
stone Channel  was  in  place.  This  cofferdam,  by  decreasing  the  cross- 
section  of  the  river,  east  of  Orosse  Isle,  caused  an  appreciable  back 
water  in  the  upper  Detroit  River  and  Lake  St.  Clair.  The  rise  at 
St.  Clair  Flats  was  observed  to  be  0.28  foot.  When  this  cofferdam 
was  cut,  in  1912,  Lake  St.  Clair  dropped  back  to  its  natural  level, 
thus  showing  that  the  remaining  portions  of  the  cofferdam,  tosrether 
with  the  indicious  placing  of  spoil,  had  exactly  balanced  the  effect  of 
the  new  channel. 

That  there  has  been  any  large  chan^  in  the  discharging  capacity 
of  the  St.  Clair-Detroit  River  appears  improbable.  The  elevation  of 
the  surfa'<»  of  Lake  St.  Clair,  honinr  between  Lakes  Huron  and  Erie, 
depends  almost  entirely  upon  the  elevations  of  these  two  larger  lakes. 
Any  change  in  the  regimen  of  either  river  will  cause  a  change  in  the 
relative  elevation  of  Lake  St.  Clair.  This  is  illustrated  nearly  everv 
winter  at  times  when  one  or  the  other  of  the  rivers  is  blocked  with 
ice.  The  elevation  of  the  surface  of  Lake  St.  Clair  therefore  be* 
comes  an  index  of  any  change  in  the  regimen  of  either  river. 

By  means  of  the  equations  of  discharge  of  the  two  rivers  the  nor- 
mal elevations  of  Lake  St.  Clair  may  be  computed  for  any  particular 
stages  of  Lakes  Huron  and  Erie.  On.  Plate  No.  52  is  shown  the 
di&rence  between  the  observed  and  the  computed  elevations  of  Lake 
St.  Clair  in  periods  of  three  years,  each  year  consisting  of  the  six 
summer  months,  June  to  November,  inclusive.  This  plate  shows  a 
rise  in  Lake  St.  Clair  from  1872  to  1881  of  about  0.2  foot  which 
might  be  caused  by  an  increased  flow  in  the  St  Clair  River  or  a  de- 
creased flow  in  the  Detroit  River  of  about  12,000  cubic  feet  per  sec- 
ond, or  6  per  cent  in  the  discharge.  From  1883  to  1889  there  appears 
to  be  a  lowering  of  about  0  25  toot  in  Lake  St.  OhW  whifh  corre- 
sponds with  an  opposite  change  of  about  15,000  cubic  feet  per  sec- 
ond, or  T  ?>er  cent  in  the  rl)sch«rjr*».  From  1889  to  1895  fb^  le^el  of 
Lake  St.  Clair  shows  a  rise  of  about  0.15  foot  corresponding  to  a 
change  of  9,000  cubic  feet  per  second,  or  4  per  cent  in  tne  discnarge. 
Since  1895  there  appears  to  have  been  no  change  except  those  due  to 
the  construction  of  the  cofferdam  at  the  Livingstone  Cut  in  1908  and 
its  opening  in  1912. 

Whether  or  not  these  are  real  changes  is  doubtful.  But  littl-^  is 
known  of  the  accuracy  of  the  gauge  at  St.  Clair  Flats  in  the  earlier 
years.  The  first  levels  were  run  to  this  gauge  in  1903,  and  the  eleva- 
tion of  its  zero  determined  at  that  time  has  been  used  for  all  the 
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earlier  readings.  Precise  levels  run  in  1908  and  again  in  1917  show 
a  settlement  during  this  period  of  about  0.4  foot.  It  seems  quite 
probable  therefore  that  there  was  some  settlement  prior  to  1903.  The 
rise  in  the  observed  elevations  of  Lake  St.  Clair  from  1887  to  1895 
shown  on  the  plate  may  easily  be  due  to  such  settlement.  The 
changes  prior  to  1887  are  not  easily  explained.  From  1872  to  1883 
a  rise  is  shown  equal  in  magnitude  to  that  caused  by  the  cofferdams 
at  the  Livingstone  Cut,  and  extending  over  a  longer  period,  while 
from  1883  to  1889  there  is  a  drop  greater  than  this  rise.  There  is 
no  record  of  artificial  changes  in  either  river  that  will  account  for 
such  changes  in  Lake  St.  Clair  levels  and  it  appears  improbable  that 
natural  causes  could  produce  such  effects.  The  natural  conclusion  is 
that  the  records  of  Lake  St.  Clair  levels  prior  to  1903  are  of  little 
value  in  determining  changes  in  regimen  in  the  channel  between 
Lakes  Huron  and  Erie. 

The  comparative  elevations  of  Lakes  Huron  and  Erie  offer  no  bet- 
ter evidence.  While  the  net  local  supply  of  Lake  Erie  is  only  about 
10  per  cent  of  its  total  supply,  the  percentage  variation  in  the  former 
is  much  greater  than  the  percentage  variation  in  the  flow  from  Lake 
Huron,  and  hence  the  changes  in  elevation  of  Lake  Erie  are  not 
closely  dependent  upon  the  fluctuations  of  Lake  Huron.  This  is 
particularly  true  on  account  of  the  comparatively  small  storage 
capacity  of  Lake  Erie  where  a  change  of  10  per  cent  in  the  local 
supply  during  a  year  will  change  its  stage  about  3  inches. 

By  grouping  several  years,  for  the  purpose  of  reducing  this  varia- 
tion in  net  supply,  and  comparing  the  mean  stages  of  Lake  Erie  with 
the  elevations  of  Lake  Huron  for  corresponding  periods,  there  is 
found  to  be  a  somewhat  close  relationship  between  the  two.  Plate 
No.  53  shows  the  mean  elevations  of  Lake  Erie  (June  to  November, 
inclusive)  in  chronological  periods  of  four  years  from  1860  to  1918, 
plotted  against  the  elevations  of  Lake  Huron  for  the  same  periods. 
If,  by  such  grouping,  the  variation  in  local  supply  were  eliminated, 
and  the  ice  effects,  which  will  be  discussed  later,  were  to  average  the 
same  for  all  groups,  then  these  points  would  either  fall  in  one  line 
on  the  plot  or  by  deviating  therefrom  would  indicate  positively  and 
accurately  the  effects  of  changes  in  regimen  of  the  channel  between 
the  two  lakes.  Because  the  variations  in  net  local  supply  and  in  ice 
effects  can  not  be  eliminated  in  grouping  the  observations  the  points 
scatter  and  the  indications  are  not  conclusive.  It  will  be  noted  that 
there  is  a  slight  tendency  for  the  leviels  prior  to  1889  and  those  sub- 
sequent to  that  date  to  fall  on  lines  parallel  to  each  other,  with  Lake 
Huron  about  three-tenths  foot  lower  during  the  latter  period  for  the 
same  elevation  of  Lake  Erie.  This  is  not  well  established,  however, 
as  the  stages  during  the  two  periods  do  not  overlap,  and  a  single  line 
through  all  observations  fits  almost  as  well.  Whether  or  not  there 
has  been  any  marked  change  in  the  level  of  Lake  Huron  due  to 
change  in  regimen  of  its  outflow  channel  is  still  a  mooted  question 
and  probably  will  remain  so  unless  the  stages  of  the  lakes  should 
return  to  the  high  levels  of  the  eighties.  It  is  reasonably  certain, 
however,  that  there  has  been  no  great  amount  of  change  in  the  dis- 
charging capacitv  of  the  St.  Clair  and  Detroit  Rivers. 

Nia{fara  River.— The  natural  outlet  from  Lake  Erie  is  through 
the  Niagara  River.  The  outflow  is  controlled  by  the  section  of  river 
about  19  miles  long  with  a  fall  of  some  10  feet  between  Lake  Erie 
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and  the  first  cascade  above  Niagara  Falls.  The  outflow  is  usually 
considered  as  that  over  a  free  overfall  weir,  depending  entirely  upon 
the  elevation  of  Lake  Erie,  but  this  is  not  ^rictly  true.  A  more 
accurate  conception  is  that  of  flow  over  a  submerged  weir  with  its 
headwater  in  Lake  Erie  and  its  tail-water  the  river  from  the  vicinity 
of  Austin  Street  to  the  first  cascade.  As  the  upper  portion  of  the 
river  lies  through  limestone  rock,  natural  changes  in  regimen  must 
be  very  slow,  and  are  inappreciable  since  the  establishment  of  gauges 
on  the  lakes.  Measurements  of  the  flow  have  been  made  at  three  sec- 
tions in  the  years  1899,  1900,  1907,  1908,  and  1913.  The  accepted 
equation  for  the  flow  of  the  river  is — 

Discharge  cubic  feet  per  second,  Niagara  River=3904(H-558.37)*/' 

in  which  H  is  the  elevation  above  sea  level  on  the  Buffalo  gauge. 

This  formula  is  not  quite  accurate  during  rapidly  changing  stages, 
as  the  flow  is  affected  oy  the  elevation  oi  the  water  surface  in  the 
river  below  Austin  Street  and  owing  to  the  storage  capacity  in  the 
Niagara  River  above  the  Falls  the  stage  at  Austin  Street  does  not 
respond  instantly  to  changes  in  elevation  of  Lake  Erie  at  Buffalo. 
For  a  change  in  the  elevation  of  the  water  surface  of  0.10  foot 
at  Austin  Street  with  respect  to  Lake  Erie  stages,  the  discharge  is 
affected  by  approximately  three- fourths  of  1  per  cent. 

St  Lawrence  River, — -The  natural  outflow  from  Lake  Ontario  is 
through  the  St.  Lawrence  River.  The  first  63  miles  of  this  river  from 
Lake  Ontario  to  Ogdensburg  is  broad  and  deep,  with  but  little  fall, 
and  mav  be  regarded  as  an  arm  of  the  lake.  A  short  distance  below 
OgdensDurg  are  the  Galop  Rapids,  the  first  of  the  series  of  rapids 
by  means  of  which  the  water  falls  240  feet  to  sea  level.  The  Galop 
Rapids,  with  a  fall  of  some  16  feet,  form  the  weir  controlling  the 
outflow  from  Lake  Ontario,  This  weir  is  considered  of  the  free  over- 
fall type,  inasmuch  as  changes  in  the  elevation  of  the  water  surface 
below  have  no  appreciable  effect  upon  its  discharging  capacity. 

The  discharging  capacity  of  the  St.  Lawrence  River  has  changed 
from  time  to  time,  due  to  improvements  for  navigation.  Previous 
to  1883  the  records  of  gauge  heights  on  the  river  are  not  sufficiently 
complete  to  determine  the  relationship  between  the  slope  and  the 
discharge  with  any  degree  of  certainty.  In  1884  the  deepening  of 
the  canals  and  the  reconstruction  of  tlie  locks  began  and  for  several 
years  conditions  were  in  a  transitory  state.  By  1888  a  condition  of 
relative  stability  was  reached,  and  conditions  remained  practically 
constant  until  1897.  In  1897  work  was  begun  on  the  North  Cut  at 
the  head  of  the  Galop  Rapids,  where  a  cofferdam  was  built  and  the 
channel  was  excavated  in  the  dry.  Late  in  1899  the  cofferdam  was 
cut,  and  in  Majr.  1900,  the  North  Cut  was  opened  to  navigation.  In 
September  and  October,  1903,  the  channel  between  Adams  and  Galop 
Islands,  known  as  the  Gut,  was  closed  by  a  dam  which  materially 
reduced  the  flow  of  the  river.  Since  1904  there  have  been  no  known 
changes  affecting  the  outflow  from  Lake  Ontario. 

Measurements  of  discharge  have  been  made  by  the  Lake  Survey 
Office  in  six  separate  seasons,  namely,  1900,  1901,  1908,  1911,  1913, 
and  1914.  The  first  two  were  before  the  construction  of  the  Gut  Dam 
and  the  last  four  subsequent  thereto.    By  means  of  the  measurements 
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and  the  records  of  gauges  on  the  river  discharge  equations  have  been 
determined  in  the  Lake  Survey  Office  representing  the  relationship 
between  the  volume  of  flow  and  Lake  Ontario  stages  subsequent  to 
1887.  This  period  has  been  divided  into  four  epochs,  the  first,  188^ 
1897,  being  the  condition  following  the  completion  of  St.  Lawrence 
Canals  and  prior  to  the  work  on  the  North  Cut;  the  second,  1899- 
1900,  being  the  condition  while  the  cofferdam  was  in  place  around 
the  North  Cut;  the  third,  1900-1902,  being  the  condition  just  prior 
to  the  construction  of  the  Gut  Dam;  and  the  fourth,  1904  to  date, 
being  the  present  condition.  The  equations  of  discharge  of  the  St. 
Lawrence  River  for  the  four  epochs  are  as  follows : 

1888-1897,  discharge  cubic  feet  per  second  =  3729  (H-229.53)'/2 
1898-1899,  discharge  cubic  feet  per  second  =  3650  (H-229.44)»/^ 
1900-1902,  discharge  cubic  feet  per  second  =  3728  (H-229.50)3/2 
1904r-1918,  discharge  cubic  feet  per  second  =  3428  (H-229.13)V« 

in  which  H  is  the  elevation  above  sea  level  on  the  Oswego  gauge. 

« 

3.   ErFECT  OF  ICE  ON  RTVER  FIX)W  AND  LAKE  LEVELS. 

The  equations  for  determining  the  flow  through  the  various  con- 
necting rivers  of  the  Great  Lakes  system  apply  only  during  open- 
season  conditions.  During  the  winter  months,  when  there  is  more  or 
less  ice  in  the  rivers,  the  now  is  retarded,  at  times  as  much  as  50  per 
cent  of  the  normal  flow,  and  during  these  periods  the  equations  do 
not  give  the  discharge.  There  are  methods,  however,  bv  which  an 
approximation  to  the  flow  during  ice  periods  may  be  made. 

ot.  Marys  River  ice  effects, — The  retardation  of  flow  in  the  St. 
Marys  River  is  due  to  the  ice  cover  on  the  river  from  Lake  Superior 
to  the  head  of  the  rapids,  ice  jams  in  the  rapids  occurring  infre- 
quently, if  at  all.  It  can  be  shown  that  during  the  winter  montlis 
the  elevation  of  the  gauge  at  the  head  of  the  rapids  (southwestern 
pier)  averages  about  0.13  foot  lower  than  it  does  in  the  summer  for 
the  same  stage  of  Lake  Superior.  This  corresponds  to  a  retardation 
in  the  flow  of  the  river  of  about  2,800  cubic  feet  per  second  for  these 
three  months.  The  effect  on  the  level  of  Lake  Superior  is  very  small, 
amounting  at  most  to  a  few  hundredths  of  a  foot. 

St,  Clazr-Detroit  Rwer  ice  eifects, — The  St.  Clair  and  the  Detroit 
Rivers  are  normally  covered  with  ice  during  the  winter  months,  ex- 
cept in  the  vicinity  of  Port  Huron  and  of  Detroit,  where  the  ice  is 
broken  up  by  ferry  boats.  In  addition  to  the  normal  ice  cover,  jams 
or  blockades  are  oi  freauent  occurrence,  and  at  times  hold  back  larjje 
quantities  of  water.  Blockades  usually  form  in  the  Detroit  River  in 
late  December  or  early  January,  followed  in  February  and  March  by 
ice  jams  in  the  St.  Clair  River.  These  latter  continue  into  April  and 
occasionally  into  May.  It  has  been  reported  that  in  1819  and  in  1840 
the  St.  Clair  River  was  blocked  with  ice  in  June.  After  the  breaking 
of  the  blockade  in  the  St.  Clair  River  each  year  there  is  frequently  a 
blockade  of  short  duration  in  the  Detroit  River. 

If  both  the  St.  Clair  and  the  Detroit  Rivers  were  never  blocked 
with  ice  at  the  same  time,  the  actual  flow  through  the  rivers  could  be 
computed  by  means  of  the  equation  for  that  river  which  was  free  of 
ice.  It  appears  probable,  however,  that  this  condition  rarely  exists, 
although  it  is  unusual  for  large  blockades  to  appear  in  both  rivers  at 
once. 
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During  the  winter  of  1900-01  measurements  of  the  flow  in  the  St. 
Clair  Eiver  were  made  while  the  river  was  blocked  with  ice.  From 
these  observations  combined  with  those  made  under  ice-free  condi- 
tions, the  flow  of  the  river  has  been  referred  to  the  stage  at  the  Grand 
Trunk  Railway  gauge  (G.  T.  R.)  and  to  the  fall  from  that  gauge  to 
the  gauge  at  the  mouth  of  Black  River  (M.  B.  R.).  The  flow  is  ex- 
pressed oy  the  empirical  formula : 

Discharge  cubic  feet  per  second=(G.  T.  R.-M.  B.  R.)*** 
(239750+20320  (G.  T.  K.-579.0)). 

This  equation  may  be  used  for  computing  the  flow  of  the  river  dur- 
ingthe  winters  from  1900  to  1906,  inclusive,  during  which  the  mouth 
of  JBlack  River  gauge  was  maintained.  If  there  is  no  ice  in  the  river 
between  the  Grand  Trunk  Railroad  gauge  and  the  Dry  Dock  gauge, 
the  elevations  at  mouth  of  Black  River  may  be  computed  from 
G.  T.  R.  and  Dry  Dock.  The  Dry  Dock  gauge  was  maintained  until 
the  summer  of  1909,  when  it  was  discontinued. 

For  the  years  1900-1902,  during  which  period  there  can  be  no 
question  of  the  accuracy  of  the  Grand  Trunk  Railroad  and  the  Mouth 
of  Black  River  gauges,  the  average  retardation  of  flow  for  six 
months,  computed  from  these  gauges  was  24,600  cubic  feet  per  second. 
For  the  same  period  a  comparison  of  tne  computed  discharges 
of  the  St.  Clair  and  Detroit  Rivers  shows  a  retardation  of  17,600 
cubic  feet  per  second  or  28  per  cent  too  small.  This  difference  is 
undoubtedly  due  to  the  presence  of  ice  in  both  rivers  at  the  same 
time  and  shows  that  a  comparison  of  the  computed  discharges  of  the 
two  rivers  can  not  be  relied  upon  for  the  determination  of  the  full 
effect  of  ice. 

In  the  Detroit  River  the  reach  from  Windmill  Point  to  Fort 
Wayne  is  usually  free  from  ice  blockades,  although  there  is  normally 
an  ice  cover  over  portions  of  the  reach.  An  empirical  formula  pv- 
inp  the  flow  of  the  Detroit  River  in  terms  of  the  gauges  at  Wind- 
mill Point  and  Fort  Wayne  has  been  derived,  and  may  be  used  to 
approximate  the  winter  flow.    This  equation  is  as  follows: 

Discharge  cubic  feet  per  second=(W.P.-Ft.W.)* 
(192.900+25,850  (W.  P. -574.0)). 

Using  this  equation  for  the  period  1906-1918,  the  mean  six  months' 
retardation  of  flow  is  17,600  cubic  feet  per  second.  The  correspond- 
ing mean  determined  by  a  comparison  of  St  Clair  and  Detroit  Kiver 
discharges  is  18,900.  In  this  caSe  the  latter  method  gives  results  21 
per  cent  less  than  the  former. 

The  average  yearly  retardation  due  to  ice  in  cubic  feet  per  sec- 
ond, as  computed  in  various  methods,  is  shown  below : 

(a)  By  Grand  Trunk  Railroad   and  Mouth  of  Black  River  gauges, 
1900-1904 12,200 

(b)  By  Grand  Trunk  Railroad  and  Mouth  of  Black  Rlyer  gauges, 
1900-1909 9,980 

(c)  By  Windmill  Point  and  Fort  Wayne  gauges,  1906-1918 8,810 

(d)  From  best  data  for  each  year,  1900-1918 9,790 

Mean 10,200 

It  maj  therefore  be  assumed  that  the  average  yearly  retardation 
due  to  ice  in  the  St.  Clair  and  Detroit  Kivers  amounts  to  about 
10,000  cubic  feet  per  second  for  12  months. 
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The  maximum  retardation  of  flow  in  this  period  occurred  in 
April,  1918,  and  amounted  to  92,400  cubic  feet  per  second  for  the 
month.  For  the  5  days,  April  22-26,  inclusive,  tne  retardation  was 
115,300  cubic  feet  per  second,  which  was  54  per  cent  of  the  normal 
flow  for  the  stages  existing  in  Lakes  Huron  and  Erie. 

The  determination  of  ice  effects  as  described  above  shows  that 
the  average  retardation  of  flow  in  the  St.  Clair-Detroit  Rivers  of 
10,000  cubic  feet  per  second  for  the  year  is  distributed  as  follows: 

Cubic  feet 
per  second. 

December 6, 200 

January 27, 500 

February 42,500 

March 28, 000 

AprU H  300 

May 1, 500 

Total 120, 000 

<An  average  of  10,000  cubic  feet  per  second  per  annum.) 

Ice  in  the  St.  Clair-Detroit  River,  by  reducing  the  outflow  from 
Lake  Huron,  raises  the  level  of  Lake  Huron,  and  lowers  the  level 
of  Lake  Erie.  When  the  ice  goes  out,  Lake  Huron  has  a  supernor- 
mal elevation,  and  Lake  Erie  a  subnormal  elevation.  The  increased 
elevation  of  Lake  Huron  and  the  increased  fall  in  the  river  causes 
an  increased  flow,  tending  to  restore  both  lakes  to  the  normal  ele- 
vation. 

On  account  of  the  sreat  area  of  Lake  Michigan-Huron  it  takes 
a  long^  time  for  the  lake  to  lose  the  excess  elevation  caused  by  the 
ice.  Ninety  per  cent  will  be  lost  in  about  four  years.  In  10  months 
about  32  per  cent  is  lost.  It  is  apparent,  therefore,  that  Lake  Huron 
is  always  at  a  higher  stage,  due  to  the  annual  ice  blockades,  than  it 
would  be  if  there  were  never  anv  ice  in  the  rivers. 

Lake  Erie,  on  the  other  hand,  has  a  relatively  small  area,  and 
recovers  its  normal  elevation  much  more  quickly  than  does  Lake 
Michigan-Huron.  In  10  months  about  93  per  cent  of  the  depres- 
sion caused  by  ice  is  recovered. 

On  plates  Jfos.  54  and  56,  curves  A  show  for  Lakes  Michigan- 
Huron,  and  for  Lake  Erie  the  mean  annual  change  in  elevation  com- 
puted from  the  monthly  means  of  50  years,  1860  to  1909.  These 
curves  correspond  to  a  mean  open  season  outflow  from  Lake  Huron 
of  198,500  cubic  feet  per  second,  and  to  mean  outflow  from  Lake 
Erie  of  198,500  cubic  feet  per  second  plus  11,000  cubic  feet  per  sec- 
ond, the  mean  annual  local  supply,  or  a  total  of  209,500  cuoic  feet 
per  second. 

If,  through  a  sudden  change  of  climate,  the  formation  of  ice  in 
the  connectmg  rivers  should  be  stopped,  the  resulting  annual  curve 
for  the  first  year  is  shown  on  plates  Nos.  54  and  56,  marked  "C." 
This  curve  is  based  on  the  same  mean  local  supply  to  both  lakes,  but 
owing  to  the  excess  elevation  of  Lake  Huron,  the  mean  flow  out  of 
Lake  Huron  and  into  Lake  Erie  is  204,000  cubic  feet  per  second, 
while  the  mean  outflow  from  Lake  Erie  is  215,000  cubic  feet  per  sec- 
ond. If  the  ice- free  condition  continues  indefinitely  with  the  same 
average  net  supply  the  lake  levels  will  reach  a  new  point  of  equilib- 
rium at  which  the  outflow  from  each  lake  will  be  the  same  as  for 
curves  A.    The  annual  fluctuation  for  this  condition  is  shown  by 
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the  curves  marked  ^'  B."  The  mean  yearly  elevation  of  Lake  Huron 
will  he  0.48  foot  less  than  it  was  under  the  ioe  condition,  and  the 
f^age  for  every  month  will  be  less.  Lake  Erie  will  stand  at  the 
same  mean  elevation,  but  will  be  higher  during  February,  March, 
April,  May,  and  June,  and  lower  during  the  other  months  than  it 
was  with  ioe  in  the  St.  Clair-Detroit  River. 

On  plate  No.  55  is  shown  the  fall  between  Lake  Huron  and  Lake 
Erie  as  it  exists  under  the  present  conditions,  and  as  it  would  be 
under  the  conditions  explained  above.  It  will  be  seen  that  the  fall 
between  the  two  lakes  in  one  year  without  ice  approaches  very 
closely  to  what  it  would  ultimately  become  under  a  perpetual  ice- 
free  condition. 

Niagara  River  ice  effects. — ^With  the  data  available  at  the  pres- 
ent time,  it  is  impossible  to  determine  the  retardation  of  flow  through 
the  outlet  of  Lake  Erie,  due  to  the  presence  of  ice  in  the  Niagara 
River.  A  few  measurements  of  river  flow  made  by  the  Deep  Water- 
ways Commission  in  1898  indicate  that  at  times  the  retardation  may 
reach  10  per  cent,  although  it  is  usually  much  less.  There  is  at  times 
^ome  ice  lodged  against  the  piers  of  the  International  Bridge  and 
against  the  waterworks  intake.  The  partial  ice  cover  on  the  river 
between  the  bridge  and  Niagara  Falls,  together  with  ice  jams  in  the 
vicinity  of  the  Falls,  undoubtedly  cause  some  backwater.  If  an 
average  retardation  of  3  per  cent  of  the  normal  flow  for  three 
months  is  assumed,  the  maximum  effect  on  the  surface  of  Lake  Erie 
would  amount  to  about  0.18  foot  in  depth,  and  the  effect  on  the 
yearly  mean  stage  would  be  about  0.07  foot. 

St,  Lawrence  Rvver  ice  effects. — ^The  effect  of  ice  on  the  flow  of 
the  St.  Lawrence  River  may  be  approximated  verjr  closely  from 
records  of  the  numerous  gauges  along  the  river.  This  river  may  be 
considered  as  a  series  of  pools  between  which  the  rapids  form  meas- 
uring weirs.  The  three  upper  rapids  have  been  calibrated.  The 
initial  weir,  which  controls  the  outflow  from  Lake  Ontario,  is 
formed  by  the  Galop  Rapids.    Discharge  over  this  weir  may  be  com- 

Suted  by  means  of  any  gauge  on  Lake  Ontario,  by  the  gauge  at  Og- 
ensburg,  or  by  the  gauge  at  Lock  27  of  the  (Janadian  Canals.  As 
there  is  normally  an  ice  cover  from  Lake  Ontario  to  the  head  of 
the  rapids,  the  gauge  at  Lock  27  is  the  most  accurate  measure  of  the 
discharge  over  this  weir  during  the  winter  months.  The  flow  over 
the  second  weir,  Rapide  Plat,  is  measured  by  the  stage  of  water  at 
Lock  24.  For  the  third  weir,  the  Sault  Rapi^  there  are  four  gauges 
available.  Immediately  at  the  head  of  the  Rapids  is  the  gauge  at 
Lock  21.  At  Lock  22  of  the  Farrans  Point  Canal  there  are  two 
gauges,  and  at  the  foot  of  Rapide  Plat  is  the  gauge  at  Lock  23.  The 
equation  of  discharge  has  been  written  in  terms  of  the  latter  gauge, 
as  the  others  appear  to  have  been  affected  at  one  time  or  another 
either  by  settlement  or  by  changes  in  the  local  conditions.  While 
there  undoubtedly  is  more  or  less  ice  between  the  gauge  at  Lock  23 
and  the  head  of  the  Sault  Rapids,  yet  an  attempt  to  use  any  of  the 
other  gauges  would  introduce  errors  greater  tnan  the  retardation 
due  to  ice. 

If  any  of  the  three  weirs  is  blocked  by  ice,  its  discharging  capacity 
for  a  given  gauge  height  is  reduced,  and  the  flow  computed  from  the 
observed  elevation  on  the  gauge  will  be  too  large.  It  is  not  likely  that 
all  three  rapids  will  be  blocked  at  the  same  time,  and  the  equation 
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giving  the  least  flow  approximates  the  actual  discharge.  This  mini- 
mum flow  gabtracted  from  the  flow  as  computed  bv  the  Osweso  gauge 
gives  the  amount  of  water  held  back  by  the  ice.  This  methodtends  to 
give  results  somewhat  too  small,  as  there  probably  is  some  retardation 
at  all  of  the  rapids  simultaneously.  The  mean  retardation  of  flow 
due  to  ice,  computed  in  the  manner  explained  above,  for  29  years, 
1888  to  1916,  is  as  follows : 

Cubic  feet  per 
second. 

December 3, 60© 

January ^ 9, 900 

February 19, 100 

March 1S>  800 

April a,  400 

Total 52,800 

(An  average  of  4,400  cubic  feet  per  second  per  annum.) 

If  the  outflow  from  Lake  Ontario  is  reduced  while  the  total  sap- 
ply  to  the  lake  remains  the  same,  the  elevation  of  the  lake  surface  will 
rise  and  will  continue  to  rise  as  long  as  the  outflow  is  retarded  by 
ice.  When  the  ice  goes  out,  the  lake  nas  an  excess  elevation.  As  the 
outflow  is  above  normal  the  lake  benns  to  lose  its  excess  height.  On 
account  of  the  small  area  of  Lake  Ontario  and  the  large  outflow,  the 
time  necessary  to  lose  this  excess  height  is  relatively  short,  and  at  the 
end  of  10  months  about  98  per  cent  will  have  been  lost. 

On  plate  No.  57  curve  A  shows  the  mean  annual  fluctuation  of  the 
surface  of  Lake  Ontario  for  50  years.  This  curve  corresponds  to  an 
outflow  through  the  St.  Lawrence  River  of  237,600  cubic  feet  per 
second. 

If  ice  should  cease  to  form  in  the  St.  Lawrence  River,  the  out- 
flow during  the  winter  would  be  increased  and  the  mean  lake  surface 
would  fall,  until  a  stage  was  reached  at  which  the  outflow  during 
the  year  would  again  equal  the  total  supply.  When  this  condition 
is  reached,  the  mean  average  fluctuations  of  the  lake  would  be  as 
shown  by  curve  B  on  plate  No.  57.  This  curve  averages  0.21  foot 
below  curve  A,  this  difference  being  the  average  amount  the  surface 
of  the  lake  is  held  up  by  the  presence  of  ice.  The  fluctuation  dur- 
ing the  first  ice-free  year  is  shoy^n  by  curve  C.  It  will  be  noted  that 
this  curve  joins  curve  B  and  coincides  with  it  during  the  last  three 
months  of  the  year.  This  indicates  that  the  storage  oi  water  in  Lake 
Ontario  on  account  of  winter  ice  in  the  St.  Lawrence  River  is  prae 
tically  all  discharged  during  one  ice-free  year. 

4.  HTBROIiOGIGAL  DATA. 

During  recent  years  the  Lake  Survey  Office  has  compiled  the  rec- 
ords of  rainfall  in  the  Great  Lakes  Basin  as  reported  by  the  volun- 
tary cooperative  observers  of  the  weather  bureaus  of  the  United 
States  and  Canada,  and  by  means  of  a  system  of  weighting  the 
observations  has  determined  the  mean  monthly  rainfall  since  1900 
for  the  drainage  area  of  each  of  the  Great  Lakes.  There  has  also 
been  determined  the  mean  monthly  rainfall  over  the  lakes  themselves, 
in  contrast  to  that  over  the  land  areas,  by  weighting  observations 
taken  at  points  along  the  shores.  This  appears  to  be  the  best 
method  of  arriving  at  values  for  such  rainfall,  inasmuch  as  there 
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have  beeaa  no  direct  obsenraCions  over  the  water  areas.  On  all  of 
the  lakes,  with -the  eaKeptio-n  of  Lake  Ontario,  the  diffevenoes  between 
rainfall  on  the  lake  surface  as  thus  determiAed  and  tliat  on  the  land 
areas  are  smaU  and  appear  to  be  accidental.  In  the  case  of  Lake 
Ontario  there  is  a  nmrJsed  difference,  the  annual  precipitation  along 
the  lake  shores  averaging  nearly  2  inches  less  than  in  the  interiiir. 

Compilations  have  also  been  made  of  the  flow  of  streams  trib- 
utary to  the  Great  Lakes,  as  measured  and  reported  by  the  United 
States  GeoWicaJ  Survey  and  the  Hydroelectnc  Power  Commission 
of  Ontario,  Canada,  utiliztng  all  the  available  data.  The  distribu- 
tion of  th«se  records  over  the  drainage  areas  is  not  Wliat  could  be 
desired,  there  beiA^  large  areaa  in  which  no  measurements  have  been 
made.  This  data  is  also  subject  to  errors  due  to  methods  of  meas- 
urement, instability  of  gauges,  etc.,  and  it  is  suspected  from  a  study 
of  tine  reoords  themselves  that  oorreetioins  bave  been  made  to  the 
discharge  formulas  from  time  to  time  without  applying  the  cor- 
rections to  values  previously  publidied,  and  that  lor  some  periods 
the  discharge  of  'C^ain  streams  as  published  has  included  the  flow 
through  by-passes  or  side  streams,  -while  in  other  years  .these  have 
been  omitted. 

From  these  data  of  rainfall  and  run-off  an  attempt  has  been  made 
to  show,  as  far  as  possible,  the  source  of  the  water  passing  down 
through  the  Great  Lakes  and  to  show  the  correlation  of  we  dis- 
diarge  measurements  on  the  various  connecting  rivers  by  means  of 
the  meteorological  data.  The  results  of  this  analysis  are  embodied 
m  Table  No.  45,  which  has  been  compiled  for  a  10-year  period, 
1905-1914,  inclusive.  In  this  table  the  quantities  are  not  all  of  equal 
accuracy.  The  areas  of  the  lake  surfaces  and  the  drainage  areas 
are  the  results  of  very  careful  measurements  from  the  best  available 
charts.  They  are  probably  accurate  within  a  small  percentage.  The 
rainfall  in  columns  g  and  h  are  weighted  means  derived  from  ob- 
servations at  several  nundred  stations,  and  probably  are  not  largely 
in  error.  The  rainfall  on  the  lake  surfaces  has  been  taken  the 
same  as  the  averages  for  the  corresponding  land  areas,  with  the 
exception  of  that  on  the  surface  of  Lake  Ontario.  For  this  lake 
the  observations  at  the  shore  stations  indicate  a  mean  annual  rain- 
fall of  31.75  inches,  which  is  nearly  2  inches  less  than  the  mean 
of  observations  in  the  adjoining  drainage  areas.  This  value  of  31.75 
inches  rainfall  has  been  used  for  the  water  area  of  Lake  Ontario. 
The  run-off  from  the  land  areas  has  been  expressed  and  computed 
as  percentages  of  the  corresponding  rainfall.  There  is,  of  course, 
no  fixed  percentage  relationship  between  rainfall  and  run-off,  but 
the  values  here  given  are  averages  derived  from  weighted  means  of 
all  observations  within  the  respective  basins  during  the  period  cov- 
ered, and  give  practically  the  same  results  as  would  oe  obtained  from 
the  data  through  any  more  complicated  method  of  deduction. 

The  amount  of  water  flowing  out  of  any  lake  must,  of  necessity, 
be  the  algebraic  sum  of  the  water  entering  the  lake  from  the  lake 
above,  the  local  gross  supply,  the  storage  in  the  lake,  and  the  water 
lost  by  evaporation.  All  of  these  factors  are  known  with  some 
degree  of  certainty,  except  the  evaporation  from  the  lake  surface. 
Accepting  the  other  factors  as  correct,  this  one  may  be  computed, 
and  from  the  reasonableness  of  these  computed  values  the  accuracy 
of  the  other  factors  may  be  judged. 
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The  outflow  from  Lake  Superior  has  been  taken  from  records 
kept  by  the  United  States  Engineer  office  at  Sault  St.  Marie.  The 
flow  through  the  St.  Clair  River  is  computed  by  means  of  the  Lake 
Survey  equation  for  open-river  conditions,  and  the  result  corrected 
by  subtracting  10,000  cubic  feet  per  second  to  allow  for  the  retarda- 
tion of  flow  during  the  winter  months.  The  outflow  through  the 
Sanitary  Canal  at  Chicago  is  taken  as  5,850  cubic  feet  per  second^ 
which  corresponds  to  the  mean  diversion  during  the  period. 

The  outflow  from  Lake  Erie  is  the  flow  through  the  Niagara  River, 
computed  by  the  Lake  Survey  equation,  corrected  by  subtracting 
1,600  cubic  reet  per  second  for  the  retardation  due  to  ice  in  winter,, 
and  by  adding  3,500  cubic  feet  per  second,  the  estimated  flow  through 
the  Welland  Canal  and  other  outlets.  The  outflow  from  Lake  On- 
tario is  the  discharge  through  the  St  Lawrence  River,  computed  by 
the  Lake  Survey  equation  for  open  flow,  corrected  by  subtracting 
4,400  cubic  feet  per  second  for  the  retardation  due  to  ice. 

The  values  for  the  evaporation,  which  are  derived  as  residuals 
from  the  other  factors,  are  found  to  be  reasonably  harmonious  ana 
to  agree  fairly  well  with  the  very  meager  data  of  evaporation  in 
the  lakes  district.  These  values  show  beyond  doubt  that  the  dis- 
charges in  the  outflow  channels  of  the  Great  Lakes  as  determined 
by  the  adopted  discharge  formulas  are  consistent  with  each  other,, 
and  that  there  is  no  ground  for  the  theory  advanced  by  some  engi- 
neers that  there  is  a  large  subterranean  flow  from  Lake  Erie  to 
Lake  Ontario. 
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5.  EFFECTS    OF    FBE8ENT    DIVERSIONS. 

The  ultimate  effect  of  diversions  upon  the  level  of  a  lake  or  body 
from  which  they  are  drawn  is  a  direct  function  of  the  amount  or  rate 
of  the  diversions  and  the  increment  of  discharge  through  the  main 
outlet.  When  these  values  are  known  with  some  de^ee  of  accuracy 
the  lowering  effect  of  the  diversions  can  be  determined  with  equal 
accuracv.  For  the  outlets  of  the  Great  Lakes,  the  equations  of  dis* 
charge  have  been  determined  for  open-season  flow  by  long  series  of 
measurements  in  the  outflow  channels,  and  the  increments  of  flow  for 
such  conditions  are  well  established.  The  effects  of  winter  ice  upon 
the  average  flow  through  the  outflow  channels  can  be  roughly  ap- 
proximated from  direct  measurements  which  have  been  made  or  from 
a  study  of  gauge  relations  and  slopes  as  has  been  shown  in  a  preceding 
article,  but  the  effects  of  ice  upon  the  increments  of  flow  is  not  deter- 
minable from  existing  data.  In  the  discussion  of  ice  effects  an  average 
retardation  of  ice  has  been  applied  to  the  open-season  discharge  values 
without  regard  to  the  stage  of  water  in  tne  lakes  or  the  amounts  of 
discharge.  In  effect  this  method  considers  that  the  increments  of 
open-season  flow  continue  through  the  ice  season.  In  the  following 
discussion  of  the  effects  upon  water  levels  of  diversions  from  the  lakes 
and  rivers,  the  increments  of  discharge  determined  by  the  equations 
of  open-season  flow  have  also  been  used  without  correction  for  winter 
conditions  for  the  reason  that  the  amounts  of  such  corrections  are 
indeterminate.  It  is  reasonable  to  believe  that  the  increments  are 
smaller  in  the  winter  than  in  the  summer  and  that  therefore  the 
effects  of  diversions  are  actually  larger  than  herein  shown. 

Diversions  from  Lake  Supenor.-^iih  the  exception  of  temporary 
withdrawals  of  water  from  Lake  Superior  for  water  supply  of  the 
cities  around  the  lakcj  all  present  diversions  from  this  lake  are  made 
in  the  immediate  vicinity  of  Sault  Ste.  Marie,  Mich.,  and  Ontario. 
These  diversions  have  been  fully  described  previously  in  this  report, 
those  pertaining  to  the  navigation  canals  in  Section  A  and  those  per- 
taining to  power  development  in  Section  C.  The  present  diversions 
are  estimated  at  about  44,000  cubic  feet  per  second,  of  which  1,000  is 
used  for  navigation  and  43,000  for  power  development.  The  water 
is  all  returned  to  the  St.  Marys  River  just  below  the  rapids,  and  con- 
sequently these  diversions,  even  if  uncompensated,  would  not,  in  the 
long  run,  affect  the  mean  levels  of  the  lower  river  or  the  lakes  beyond. 
With  conditions  in  the  St.  Marys  Kiver  as  they  were  in  1896,  Lake 
Superior  would  have  been  lowered  nearly  3  feet  by  the  present  diver- 
sions. That  the  surface  of  the  lake  has  not  been  lowered  by  this 
amount  has  been  due  to  obstructions  placed  in  the  channel  and  to  the 
building  of  compensating  works.  At  the  same  time  any  appreciable 
effects  on  the  mean  annual  levels  downstream  have  been  prevented. 

The  building  of  the  piers  of  the  International  Bridge  in  1887  and 
the  fills  made  along  the  bridge  line,  which  closed  some  of  the  small 
channels  among  the  islands  on  the  north  side  of  the  river  obstructed 
about  2,300  square  feet  of  the  cross-section  of  the  river.  In  1889  the 
power  canal,  constructed  on  the  Canadian  side,  further  obstructed 
about  1,600  square  feet.  In  1892  the  dike  built  by  the  Chandler- 
Dunbar  Water  Power  Co.  for  the  Edison  Sault  power  canal  ob- 
structed the  flow  through  spans  1  and  2  of  the  bridge.  These  various 
obstructions  undoubtedly  raised  the  level  of  Lake  Superior,  but  their 
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effect  can  only  be  computed  theoretically,  as  no  measurements  of  the 
flow  of  the  river  were  made  until  1896.  It  appears  probable  that 
changes  prior  to  1896  had  raised  the  level  of  Lake  Superior  about 
0.7  foot.     Diversions  in  1896  were  as  follows: 

CuWc  feet  per  second 

Navigation  canals 400 

Lake  Superior  Power  Co . 3, 8O0 

Chandler-Dunbar  Power  Go 1, 065 

Total 5,265 

This  diversion  would  lower  Lake  Superior  by  about  0.35  foot, 
leaving  the  lake  level  still  three  or  four-tenths  of  a  foot  higher  than 
it  was  before  1888. 

In  1901  compensating  works  were  constructed  on  the  Canadian 
side  of  the  river  above  spans  9  and  10  of  the  International  Bridge. 
As  the  cofferdam  above  these  gates  was  not  removed  until  1914, 
these  works  shut  off  most  of  the  flow  that  formerly  passed  through 
spans  9  and  10. 

In  1909  a  series  of  measurements  of  the  flow  of  th^  river  was  made 
from  the  International  Bridge,  and  at  the  same  time  the  flow  through 
the  various  diversion  canals  was  accurately  determined.  The  diver- 
sions at  that  time  were  as  follows : 

Cubic  feet 
per  second. 

Navigation  canals 650 

Lake  Superior  Power  Co 6, 130 

Michigan-Lake  Superior  Power  Co 12, 300 

Chandler-Dunbar  Power  Co 980 

Total 20,  OGO 

For  a  stage  of  601.85  at  the  southwest  pier  gauge  the  total  flow  of 
the  river  in  1896  was  75,000  cubic  feet  per  second.  For  the  same 
stage  in  1909  the  total  flow  was  75,100  cubic  feet  per  second.  It 
appears  therefore  that  between  1896  and  1909  the  lowering  of  Lake 
Superior,  due  to  diversions  of  water,  had  been  almost  exactly  com- 
pensated by  obstructions  to  the  flow,  and  that  the  level  of  the  lake 
was  still  some  three  or  four  tenths  of  a  foot  above  its  normal  for  the 
period  prior  to  1888. 

In  1911  the  United  States  built  a  cofferdam  above  spans  3  and  4 
of  the  bridge  and  a  dike  downstream  from  the  north  end  of  span  4, 
making  a  new  headrace  for  the  Government  power  plant.  To  com- 
pensate for  the  flow  so  obstructed  sluice  gates  were  erected  along 
the  lower  end  of  the  forebay.  By  the  use  of  these  gates  the  flow 
through  these  spans  of  the  bridge  can  be  maintained  at  a  normal 
value  imless  the  use  of  water  through  the  power  house  should  exceed 
the  normal  flow. 

In  1914  the  question  of  increased  use  of  water  for  power  purposes 
and  the  construction  of  compensating  works  was  brought  before  the 
International  Joint  Commission  of  the  United  States  and  Canada. 
The  commission  approved  a  plan  calling  for  putting  into  operating 
condition  the  four  gates  built  in  1901  on  the  Canadian  side  of  the 
river,  the  construction  of  12  additional  gates  extending  from  the 
south  end  of  the  four  built  in  1901  to  a  point  above  pier  5  of  the 
bridge,  and  the  construction  of  a  dike  above  span  6  connecting  the 
end  of  the  gates  with  the  dike  of  the  headrace  of  the  United  States 
power  plant. 
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The  eight  gates  above  spans  6  and  7  of  the  bridge  wei*e  built  by 
the  Michigan  Northern  Power  Co.  October,  1914,  to  September,  1916. 
Since  the  completion  of  these  gates  they  have  been  operated  under 
the  direction  of  the  board  of  control  created  in  accordance  with  the 
order  of  the  International  Joint  Commission  for  the  purpose  of  regu- 
lating the  level  of  Lake  Superior  and,  so  far  as  practicable,  con- 
trolling the  flow  in  the  lower  river  in  the  interests  oi  navigation. 

The  remaining  four  gates  are  now  being  built  by  Canadian  inter- 
ests above  span  8  of  the  bridge.  The  construction  of  the  proposed 
dike  above  span  5  awaits  the  completion  of  the  power  development 
on  the  Canadian  side  to  the  full  proposed  use  of  one-half  the  low- 
water  flow. 

When  the  compensating  works  are  completed  and  the  several  power 
canals  enlarged  to  their  proposed  capacity,  it  is  expected  that  the 
needs  of  navigation  can  be  served,  a  minimum  of  60,000  cubic  feet 
per  second  can  be  used  for  power  and  the  level  of  Lake  Superior 
can  be  regulated  within  a  maximum  range  of  2.5  feet,  and  ordi- 
narily within  a  range  of  1.5  feet,  or  between  elevations  602.1  and 
603.6. 

The  compensating  gates  built  in  1901-02  on  the  Canadian  side  of 
the  river  above  span  9  of  the  bridge,  now  known  as  gates  1  to  4, 
consist  of  Stoney  gates  of  steel,  each  54  feet  3}  inches  long,  and  12 
feet  llj  inches  high,  lifting  vertically  between  piers,  havin^r  clear 
openings  of  52  feet  3  inches.  The  gates  are  operated  by  hand  from 
steel  towers  erected  on  the  piers.  The  piers  are  of  concrete  with 
brick  facing  and  cut-stone  starling,  coping,  and  quoins.  They  are 
9  feet  wide,  57  feet  long,  and  20  feet  high.  The  sills  are  of  o*ik, 
embedded  in  a  concrete  paving  or  apron.  The  elevation  of  the  sills 
is  591.2  feet. 

Compensating  gates  9  to  16,  completed  and  opened  in  September, 
1916,  above  spans  6  and  7  of  the  bridges,  are  Stoney  gates  of  the 
same  type  and  dimensions  as  gates  1  to  4,  with  similar  piers  except 
that  the  latter  are  entirely  of  concrete.  These  gates  are  shown  on 
photographs  Xos.  169  and  170. 

Compensating  gates  5  to  8,  now  under  construction  above  span 
8  of  the  bridge,  are  of  the  same  type  and  dimensions  as  the  others 
except  that  the  sills  are  at  elevation  590.2  feet,  or  1  foot  lower  than 
the  other  gates. 

There  are  three  sluice  gates  in  the  United  States  headrace,  built 
in  1911,  which  form  a  component  part  of  the  compensating  works. 
They  are  Stoney  gates  of  the  same  general  type  as  those  described 
above,  each  34  feet  4  inches  long  and  15  feet  high,  with  a  clear  open- 
ing between  piers  of  33  feet.  The  piers  are  of  concrete,  16  feet  wide 
and  28  feet  long.  They  are  provided  with  steel-roller  tracks.  Tlie 
sills  at  elevation  588.07  feet  are  of  oak.  12  by  24  inches,  set  in  the  con- 
crete apron,  which  is  paved  with  vitrified  brick.  In  connection  with 
these  gates  there  are  two  ice  runs  16  feet  wide  with  sills  at  elevation 
598.07  feet,  which  are  closed  by  stop  logs  supported  by  concrete  piers. 
There  is  also  an  overflow  weir  of  concrete  150  feet  long  with  its  crest 
at  elevation  603.07  feet.  These  gates  are  illustrated  in  photographs 
Nos.  52  and  171. 

Diversiovg  from  Lakes  M ichigan-IIuroii, — Aside  from  small  sani- 
tary diversions  of  purely  local  significance  the  only  diversions  from 
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Lakes  Michigan-Huron  are  those  of  the  Chicago  Sanitary  Canal  and 
the  Black  River  Canal  at  Port  Huron. 

Chicago  Sanitary  Canal. — ^The  Chicago  Sanitary  Canal  has  been 
fully  described  in  Sections  A,  B,  and  C  of  this  report.  Its  mean 
diversion  for  the  year  1917  was  about  8,800  cubic  feet  per  second. 
The  construction  of  the  Calumet-Sag  Canal  is  nearly  finished.  An 
additional  diversion  of  2,000  cubic  feet  per  second  through  this  canal 
is  proposed. 

An  ultimate  diversion  of  14,000  cubic  feet  per  second  through  both 
channels  is  contemplated. 

Diversions  of  water  from  Lake  Michigan  into  the  Mississippi  Val- 
ley result  in  a  lowering  of  all  water  levels  of  the  Great  Lakes  from 
the  lower  sill  of  the  locks  at  Sault  Ste.  Marie,  down  to  tidewater  in 
the  St.  Lawrence  River.  The  amount  of  lowering  on  each  lake  as 
derived  from  discharge  formula  adopted  by  the  Lake  Survey  office 
is  shown  in  Table  No.  46  for  various  amounts  of  diversions  tip  to 
14,000  cubic  feet  per  second.  The  effect  on  the  lower  sills  of  locks  at 
Sault  Ste.  Marie  and  in  the  lower  St.  Marys  River  is  practically  the 
same  as  for  Lakes  Michigan-Huron.  The  lowering  at  points  along 
the  St.  Clair  and  the  Detroit  Rivers  is  somewhat  less  than  for 
either  Lake  Huron  or  Lake  Erie.  Effects  in  the  upper  Xia«rara 
River  decrease  from  Lake  Erie  to  the  Falls,  amounting  at  Niagara 
Falls  to  about  60  per  cent  of  the  Lake  Erie  effect.  In  the  St.  Law- 
rence River  the  lowering  effect  varies  considerably  on  account  of  the 
variety  of  cross-sections  and  slopes.  The  maximum  above  Com- 
w'all  is  on  the  lower  sill  of  Lock  26  of  the  Canadian  canals,  and 
this  effect  is  given  in  the  table.  It  is  claimed  that  the  effect  of  a 
diversion  of  10,000  cubic  feet  per  second  at  Chicago  on  the  level  of 
the  water  at  Montreal  is  somewhat  more  than  eight-tenths  of  a  foot, 
but  this  has  not  been  verified. 

Table  No.  46. — Lowering  of  lake  levels  in  feet  by  diversion  of  toaJter  from,  lAike 

Michigan  through  the  Chicago  Drainage  Canal. 


Amount  of  diversion  at 
Chicago. 

Lakes  Michigan- 
Huron. 

Lake  St.  Clalr. 

Lake  Elf  e. 

Cubic  feet  per  second. 

Low. 

Mean. 

High. 

Low. 

Mean. 

High. 

Low. 

Mean. 

HiRh. 

2,000 

a  10. 
.20 
.30 
.40 
.50 
.60 
.70 

a  10 
.20 
.29 
.39 
.49 
.99 
.6S 

0.10 
.19 
.28 
.38 
.48 
.57 
.67 

0.08 
.16 
.24 
.31 
.39 
.47 
.55 

0.08 
.16 
.24 
.32 
.40 
.48 
.56 

ao8 

.16 
.24 
.32 
.40 

.48 
.57 

a  10 
.19 
.29 
.39 
.49 
.59 
.69 

a09 
.18 
.28 

aoe 

4,000 

.17 

6,000 

.26 

8,000 

.37              .35 

10,000 

.40              .44 

12,000 

.55              .53 

14,000 

.65              .61 

Amount  of  diversion  at  Chicago. 

Lake  Ontario. 

St.  Lawrence  Blvor  at 
Lock  No.  25. 

Cubic  feet  per  second. 

Low. 

Mean. 

High. 

Low. 

Mean. 

High. 

2,000 

a  10 
.20 
.30 
.40 
.50 
.60 
.70 

a09 
.19 
.28 
.38 

0.09 
.18 
.27 
.36 

a  15 

.30 
.45 
.60 
.75 
90 
1      1.01 

a  14 
.28 
.42 
.57 
.71 
.85 

1.00 

ai3 

4000 

.27 

6,000 

.41 

8,000 

.54 

10,000...          

.48 

.46 

.68 

12,000 

.57 

.55 

.81 

14,000 

.67 

.64 

.95 
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Elevations  of  the  Lakes  for  the  stages  referred  to  In  this  table 

are  as  follows : 

HuroD. 

Erie. 

Ontaro, 

haw 

579.e 
581.1 
582.6 

570.8 
272.3 
573.8 

244.5 

linn 

246.0 

High 

247.5 

Black  River  Canal, — The  Black  River  Canal,  at  Port  Huron, 
Mich.,  has  been  described  in  Section  B  of  this  report.  Its  diversion 
is  estimated  at  about  400  cubic  feet  per  second.  The  water  is  taken 
from  Lake  Huron,  just  above  the  head  of  St.  Clair  River,  and  is  re- 
turned to  the  river  a  few  miles  downstream,  at  the  mouth  of  the 
Black  River.  Such  a  diversion  tends  to  cause  a  lowering  of  lakes 
Michigan-Huron  and  of  the  St*  Clair  River  above  Black  River. 
The  diversion,  however,  is  so  small  that  the  effect  is  inappreciable. 
It  is  estimated  to  be  about  five  thousandths  of  a  foot  or  about  one* 
sixteenth  of  an  inch. 

Diversions  froTii  Lake  Erie — Welland  Cmuil. — This  important 
waterway  has  been  described  in  Sections  A  and  C.  The  estimated 
diversion  in  1918  was  about  4,500  cubic  feet  per  second,  of  which  an 
average  of  900  was  used  for  navigation  and  the  rest  for  power  and 
sanitaiy  purposes.  This  diversion  lowers  Lake  Erie  and  the  Niagara 
River  directly,  and,  by  reducing  the  backwater  on  the  connecting 
rivers,  it  lowers  Lake  St.  Clair  and  Lakes  Michigan-Huron.  R 
has  no  effect  on  Lake  Superior,  Lake  Ontario,  or  the  St.  Lawrence 
River.    The  effect  on  each  lake  is  shown  in  Table  No.  47. 

Black  Rock  Ship  Corned. — This  canal  is  described  in  Section  A. 
The  estimated  diversion  is  700  cubic  feet  per  second.  As  the  water  is 
returned  to  the  Niagara  River  partly  at  the  foot  of  Squaw  Island 
and  i)artly  at  Tonawanda  the  effect  is  limited  to  Lake  Erie  and  Lakes 
Michigan-Huron.  The  magnitude  of  these  effects  is  shown  in  Table 
No.  47.  It  seems  probable  that  the  construction  of  Bird  Island  Pier 
in  1823-1825,  in  connection  with  building  the  Erie  Canal,  caused  a 
very  appreciable  rise  in  Lake  Erie,  but  no  data  on  this  point  exist. 

lyew  York  State  Barge  Canal. — This  canal  is  described  in  Sec- 
tions A  and  C  of  this  report.  The  present  diversion  is  estimated  at 
about  1,000  cubic  feet  per  second.  This  water  is  diverted  from  the 
Niagara  River  and  most  of  it  eventually  finds  its  way  to  Lake 
Ontario.  The  diversion  causes  a  lowering  of  the  upper  Niagara 
River  and  has  a  slight  effect  on  Lake  Erie  and  Lakes  Michigan- 
Huron.    The  magnitude  of  the  effects  is  shown  in  Table  No.  47. 

Diversions  at  Niagara  FalU. — Diversions  of  water  for  power  pur- 
poses at  Niagara  Falls,  above  the  first  cascade  in  the  upper  rapidte, 
lower  the  level  of  the  water  in  the  Grass  Island-Chippawa  pool. 
This  lowering  extends  in  diminished  amount  up  the  river.  At  Aus- 
tin Street,  Buffalo,  it  amounts  to  about  one-fifth  of  the  lowering  at 
Chippawa.  The  effect  of  the  lowering  is  the  same  as  that  produced 
b}^  lowering  the  tailwater  of  a  submerged  weir,  the  flow  of  the  river 
being  increased  for  a  given  stage,  which  results  in  lowering  the  head- 
water, in  this  case,  Lake  Erie.  Through  the  discharge  measurements 
and  water-level  records  of  the  Niagara  River  it  has  been  determined 
that  diversions  at  Niagara  Falls,  above  the  cascades,  increases  the 
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flow  of.  the  river  for  a  given  stage  of  Lake  Erie  by  about  10  per  cent 
of  the  amount  of  the  diversions. 

Diversions  below  the  first  cascade  affect  the  depth  of  water  be- 
tween the  point  of  withdrawal  and  the  point  at  which  the  water  is 
returned,  but  have  no  effect  upon  the  levels  above  or  below  these 
points.  The  effects  of  the  Falls  and  rapids  have  been  fully  described 
m  Appendix  C  of  this  report. 

The  power  plants  on  the  United  States  side  of  the  river  both  draw 
their  water  from  above  the  first  cascade.  The  present  diversion 
through  the  Niagara  plant  of  the  Niagara  Falls  Power  Co.  is  9,450 
cubic  feet  per  second  and  that  throu^  the  hydraulic  plant  of  the 
same  company  is  about  8,000  cubic  feet  per  second.  The  diversion 
of  the  Ontario  Power  Co.  is  at  the  first  cascade  and  does  not  have 
the  full  effect  of  an  equivalent  diversion  from  the  Grass  Island- 
Chippawa  pool.  Observations  during  the  construction  of  the  intake 
indicate  that  the  effect  is  about  50  per  cent  of  a  like  diversion  from 
the  pool.  The  present  diversion  by  this  company  is  probably  about 
11,200  cubic  feet  per  second,  or  an  equivalent  of  5,600  cubic  feet  pr 
second  drawn  from  the  Chippawa  pool.  The  total  present  diversion 
from  this  pool  therefore  can  be  considered  approximately  23,000 
dubic  feet  per  second.  A  diversion  of  this  amount  at  mean  stage 
would  lower  the  Chippawa  pool  0.59  feet  and  would  increase  the 
flow  of  the  Niagara  River  2.300  cubic  feet  per  second,  resulting  in 
lowering  the  surface  of  Lake  Erie  0.10  feet.  This  lowering,  by 
increasing  the  flow  through  the  St.  Clair-Detroit  River,  would  lower 
Lake  St.  Clair  and  Lake  Huron  by  small  amounts.  The  effects 
of  the  Niagara  Falls  diversions  are  given  in  Table  No.  47. 

Diversions  from  Lake  Ontario, — There  are  at  present  no  direct 
diversions  from  Lake  Ontario  nor  from  the  St.  Lawrence  River 
above  the  Galop  Rapids.  The  only  diversions  to  affect  the  level  of 
the  lake  are  therefore  those  at  Chicago,  where  the  water  is  perma- 
nently withdrawn  from  the  drainage  basin.  These  effects,  which 
are  determined  from  the  increments  of  outflow  from  Lake  Ontario. 
are  shown  in  Table  No.  47. 

It  may  be  stated  that  the  construction  of  the  artificial  dam  closing 
the  channel,  known  as  "The  Gut»"  at  the  head  of  Galop  Rapids, 
which  was  built  for  the  purpose  of  checking  cross  currents  in  the 
navigable  channel  of  the  river,  has  resulted  in  raising  the  levels  of 
Lake  Ontario  at  mean  stage  about  0.56  foot.  This  amount  is  about 
50  per  cent  greater  than  the  lowering  caused  by  the  present  diversion 
at  Chicago,  so  that  in  so  far  as  the  levels  of  Lake  Ontario  and  of  the 
St.  Lawrence  River  above  Galop  Rapids  are  concerned,  full  com- 
pensation has  already  been  effected.  Below  the  Galop  Rapids  the 
levels  of  the  St.  Lawrence  are  affected  by  the  Chicago  diversion,  and, 
in  addition,  there  are  small  uses  of  water  for  power  purposes  along 
the  Canadian  canals  and  at  Waddington,  N.  Y.,  and  a  large  diversion 
at  Massena,  which  have  local  effects  extending  from  short  distances 
above  the  points  where  the  water  is  withdrawn  to  where  it  is  returned 
to  the  river. 


k 
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Table  No.  47. — Effect  in  feet  of  uncompensated  diversions  of  water  from  the 

(ireat  Lakes, 


Amount, 
Diversion.                 :  ,^^ 

second. 

Michigan-Huron. 

St.  Clair. 

Erie. 

Low. 

a44 
.02 

.01 

Mean. 

High. 

a42 
.04 

0) 
0) 
.02 

Low. 

Mean. 

High. 

Low. 

Mean. 

0.41 
.21 
.03 
.01 
.10 

High. 

Chicago  Drainage  Canal 8,800 

WeUandCanal '       4,500 

a43 
.08 

.01 

0.35 
.06 
.01 

% 

0.35 
.09 
.01 

(0 
.05 

1 

a36  ;  0.43 
.  10  1  .22 
.02       .03 

0)  .01 
.06       .10 

0.38 
.20 

Black  Rock  Ship  Canal 700 

New  York  State  Barge  Canal . .        1 ,  000 
Niagara  power  companies 50,885 

.03 
.01 
.11 

Totallowering | 

1                                , 

.47 

.47 

.48 

.47 

.50 

.54       .79 

.76 

.73 

Diversion. 

Niagara  River  at 
Amount, .      at  Chippawa. 
cubic                  ^^ 

Ontaric 

). 

St.  Lawrence  River 
at  Lock  No.  25. 

leei  per 
second.  Ilo^ 

Mean. 

0.23 
.12 

High. 

Low. 
0.44 

Mean. 

High. 

Low. 
0.65 

Mean. 

0.62 

High. 

Chicago  Drainage  Canal 

Wellaiid  Canal 

8,800  ,  0.24 
4. 500  1     .12 

0.21 
.11 

0.42 

0.39 

0.60 

Black  Rock  Ship  Canal 

New  York  State  Barge  Canal. . 

700   

' 

1.000         CR 

.03 
.60 

.02 
.57 

Niagara  power  companies 50. 885      .  63 

Total  lowering 

1.02 

.96 

.91 

.44 

.42 

.39 

.65 

.62 

.60 

1 

'  InappreciaUe. 

I-ake  Ontario  lias  been  raised  about  0.56  foot  by  the  construction  of  the  Gut 
Dam,  which  Is  50  per  cent  more  than  the  lowering  caused  by  diversions*  at 
Chicago. 

Stages  at  the  Lakes  referred  to  in  this  table  are  as  follows : 


Michigan- 
1  Huron. 

Erie. 

1 
1 

Ontario. 

Low 

_.     .            .         __               ..__    ,   —  .  . 
t        579.6 

570.8 
572.3 
573.8 

244.5 

Mean 

58L1 

246.0 

High 

'        582.6 

247.5 

Massena  Canal. — In  1917  and  1918  the  St.  Lawrence  River  Power 
Co.  constructed  certain  new  works  at  the  head  of  its  power  canal. 
These  were  designed  to  increase  the  head  upon  the  power  house  and  to 
prevent  the  ice  troubles  which  customarily  reduce  the  output  each 
winter  to  less  than  one-third  the  normal  open  season  output. 

The  works  affecting  the  river  levels  were  a  dredged  channel  through 
Dodges  Shoal  between  Talcotts  Point  and  Delaney  Island,  and  a 
submerged  weir  across  the  South  Sault  Channel  just  downstream 
from  the  entrance  to  the  Massena  Canal.  The  dredging  was  done  first, 
and  it  is  estimated  that  it  resulted  in  a  lowering  of  the  river  surface 
two  or  three  tenths  of  a  foot  at  Locks  21  and  22  of  the  Canadian  canals. 
The  subsequent  construction  of  the  submerged  weir  resulted  in  a  com- 
plete restoration  of  the  original  levels,  and  it  is  thought  that  eleva- 
tions in  this  part  of  the  river  are  now  a  little  higher  than  they  were 
before  the  works  were  commenced.  The  original  effect  of  the  diver- 
sion through  the  Massena  Canal,  and  of  the  construction  in  the  South 
Sault  Channel  near  the  canal  entrance,  have  never  been  accurately 
determined. 
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6.  EFFECT  OF  JPROPOSED  DIVERSIONS. 

The  effect  on  water  levels  of  the  proposed  increase  of  diversions 
through  the  navigation  and  power  canals  at  Sault  Ste.  Marie  will  be 
completely  cared  for  by  the  regulating  works  which  are  now  in  place 
or  have  been  planned,  and  therefore  needs  no  special  mention. 

The  only  proposed  change  in  diversions  from  Lakes  Michigan- 
Huron,  so  far  as  known,  is  the  increase  to  14,000  cubic  feet  per  second 
in  the  diversion  through  the  enlarged  Chicago  Sanitary  and  Ship 
Canal,  which  is  planned  by  the  sanitary  district  of  Chicago,  provid- 
ing proper  authority  can  be  obtained.  The  increase  to  14,(K)0  cubic 
feet  per  second  will  add  considerably  to  the  present  effect  on  water 
levels  of  this  diversion,  causing  an  additional  lowering  on  all  the  lakes 
below  Lake  Superior  of  from  two  to  three  tenths  of  a  foot  with  a 
maximum  effect  at  Lock  25  on  the  St.  Lawrence  River  of  nearly  0.40 
foot.  The  computed  effects  of  this  additional  division  are  shown  in 
Table  No.  48. 

The  present  diversion  from  Lake  Erie  will  be  increased  upon  the 
completion  of  new  Welland  Ship  Canal,  it  being  estimated  that  the 
new  canal  will  require  the  use  of  about  1,000  cubic  feet  per  second 
more  water  than  is  used  for  the  operation  of  the  present  canal.  Unless 
compensated  for,  this  additional  diversion  will  cause  a  lowering  on 
Lake  Erie  of  about  0.05  foot.  For  full  capacity  traffic  on  the  New 
York  State  Barge  Canal  the  necessary  water  supply  from  Niagara 
River,  as  estimated  by  the  State  engineer,  is  about  1,200  cubic  feet 
per  second.  Adding  the  500  cubic  feet  per  second  diverted  down 
Eighteen  Mile  Creek  for  power  development  gives  a  total  of  1,700 
cubic  feet  per  second,  or  700  cubic  feet  per  second  more  than  is  now 
being  diverted.  The  effect  of  this  estimated  increase  upon  lake  levels 
is  shown  in  Table  No.  48. 

In  Section  D  of  this  report  the  proposed  future  diversion  for  power 
development  at  Niagara  Falls  is  given  as  80,000  cubic  feet  per  second. 
To  obtain  the  best  efficiency  it  would  be  desirable  that  this  should  all 
be  diverted  from  above  the  first  cascade.  Assuming  that  18,000  cubic 
feet  per  second  would  be  diverted  at  the  intake  of  the  Ontario  Power 
Co.,  and  that  this  would  have  an  effect  on  water  levels  equivalent  to 
the  diversion  of  9,000  cubic  feet  per  second  from  above  the  cascade, 
the  effective  diversion  from  the  Maid-of -the-Mist  Pool  would  be  71,000 
cubic  feet  per  second.  This  is  an  increase  of  48,000  cubic  feet  per 
second  over  the  present  diversion  from  this  pool.  The  result  would  be 
a  further  lowering  of  the  pool  by  about  1.25  feet.  The  effect  on  I^ke 
Erie  and  the  other  lakes  is  shown  in  Table  No.  48. 

All  proposed  diversions  from  the  St.  Lawrence  River  would  be  at 
I>oints  below  the  Galop  Rapids.  They  would  be  of  purely  local  effect, 
and  the  data  is  not  at  hand  for  computing  the  lowering  they  would 
cause. 

The  effect  on  water  levels  of  the  several  proposed  increases  in  diver- 
sions, namely,  from  Lake  Michigan  at  Chicago,  from  Lalre  Erie 
through  the  Welland  Canal,  from  the  Niagara  River  through  the  New 
York  State  Barge  Canal,  and  from  the  (xrass  Island-Chippawa  Pool 
of  the  Niagara  Rivet  for  development  of  power  at  Niagara  Falls,  are 
shown  for  mean  stages  of  the  Lakes  in  Table  No.  48. 
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Table  No.  48. — Effect,  in  feet,  at  mean  »ta{fe  of  proposed  diverBion^  from  the 

Great  Lakes. 


Diversion. 

Proposed 
increase. 

Lake 
Michigan- 
Huron 

Lake 
St.  Clair. 

Lake 
Erie. 

Niagara 
River  at 
Chip- 
pewa. 

Lake 
Ontario. 

8t.Law> 

fence 
River  at 
Lock  25. 

Chicago  -Unitary  C^unal . . 

5,200 

1,000 

700 

48,000 

a25 
.01 

0.21 
.02 

0.23 

.01 

.22 

0.13 
.03 
.02 

L25 

0.24 

0.37" 

W^iiiind  CanaX  ' 

New  York  State  Barge  Canal . . . 

Niagara  FaUs  Power  Co 

**.63         '  .io 

Total  effect  of  proposed 
increases 

.29 

.47 

.33 
.50 

.51 
.76 

1.43 
.08 

.24 
.42 

.37 

Total  effect  of  present  diversions 

.62^ 

Sinn .................... 

.76 

.83 

L27 

Z41 

.66 

,V^ 

7.   REMEDIAL  WORKS. 

Practically  all  the  commerce  of  the  Great  Lakes  originates  or  ter- 
minates in  improved  harbors  or  passes  en  route  through  improved 
canals  or  channels  where  the  draft  of  vessels  is  limited  by  the  depths 
to  which  these  harbors  and  channels  have  been  improved.  The 
larger  vessels  of  the  lake  fleet  are  designed  and  built  to  utilize  the 
full  depths  provided  by  the  improvements.  It  is  obvious  that  any 
lowering  of  the  lake  surfaces  will  decrease  the  limiting  depths  and 
consequently  lessen  the  carrying  capacity  of  the  lake  fleet.  For  this 
reason  the  diversions  have  caused  and  are  now  causing  a  serious  loss 
to  the  commerce  of  the  Great  Lakes,  the  nature  and  extent  of  which 
is  discussed  in  Section  H  1  of  this  report. 

There  are  three  general  methods  by  which  a  restoration  of  depths 
on  the  lakes  may  be  sought,  namely,  first,  the  deepening  of  all  har- 
bors and  channels  affected  by  the  artificial  lowering  of  water  levels ; 
second,  the  construction  of  regulating  works  in  the  outlets  of  the 
lakes  to  raise  the  levels  of  the  lakes  and  to  control  them  within  fixed 
limits;  and,  third,  the  contraction  of  the  outlets  by  means  of  fixed 
obstructions  which  will  raise  the  levels  of  the  lakes  without  greatly 
affecting  their  natural  fluctuations. 

The  first  method  requires  a  large  amount  of  dredging  and  the  re- 
construction of  several  locks.  In  1907  the  International  Waterways 
Commission  estimated  that  the  cost  of  restoring  harbor  and  channel 
depths  in  the  United  States  and  Canada  to  care  for  a  diversion  of 
10,000  cubic  feet  per  second  through  the  Chicago  Drainage  Canal 
would  be  $12,500,000.  At  present  prices  this  figure  would  be  largely 
increased.  No  estimate  of  such  restoration  has  been  made  in  this 
investigation  for  the  reason  that  the  use  of  remedial  works  is  con- 
sidered much  more  satisfactory  and  very  much  less  expensive.  Fur- 
thermore, deepening  the  river  channels  tends  to  increase  the  dis- 
charge of  the  lake  above  and  therebjr  lower  its  level,  thus  increasing 
to  some  extent  the  undesirable  condition  which  it  is  intended  to  over- 
come. 

The  Board  of  Engineers  on  "  Deep  waterways  between  the  Great 
Lakes  and  the  Atlantic  tidewaters,"  in  its  report  of  June  30,  1900, 
House  Document  No.  149,  Fifty-sixth  Congress,  second  session,, 
presented  a  plan  for  the  regulation  of  Lake  Erie  between  fixed  levels 
by  works  at  the  head  of  Niagara  River.    It  was  proposed  to  build  a 
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combination  of  submerged  weirs  and  stoney  gates,  by  means  of  which 
Lake  Erie  was  to  be  raised  about  3  feet  above  the  low-water  level 
and  held  continuously  within  about  0.6  foot  of  the  adopted  level. 
The  impossibility  and  also  the  undesirability  of  such  regulation 
are  clearly  shown  in  a  report  of  the  International  Waterways  Com- 
mission, House  Document  No.  779,  Sixty-first  Congress,  second  ses- 
sion. The  water  supply  of  this  lake  is  so  extremely  irregular  that 
its  amount  can  not  be  predicted  with  any  degree  of  certainty,  and 
without  advance  knowledge  of  the  supply  close  regulation  can  not  be 
maintained. 

Any  great  variation  above  the  proposed  level  would  cause  serious 
damage  on  low-lying  lands  adjoining  the  lake,  particularly  in  the 
vicinity  of  Buffalo,  where  the  fluctuations  due  to  wind  are  now  as 
much  as  8  feet.  Other  objections  expressed  in  House  Document  No. 
779  are  that  the  regulating  works  would  aggravate  ice  jams  at  the 
head  of  the  Niagara  dunng  the  winter  season,  thereby  causing 
greater  fluctuations  in  water  levels  at  Buffalo  with  consequent  dam- 
age to  property,  and  that  the  closed  season  at  Buffalo  would  be  pro- 
longed by  the  holding  back  of  ice  fields  in  the  spring  which  other- 
wise would  pass  down  the  river. 

It  is  possible  to  regulate  Lake  Erie  within  a  larger  range  than 
proposed  by  the  Board  of  Engineers  on  Deep  Waterways,  and  if  the 
capacity  of  the  river  were  enlarged  at  low-water  stage  the  regulated 
level  could  be  lower.  This,  however,  would  not  obviate  the  probable 
troubles  with  ice,  and  the  regulation  would  so  change  the  outflow 
from  Lake  Erie  as  to  be  detrimental  to  levels  of  Lake  Ontario  and 
the  St.  Lawrence  River.  Regulation  of  the  level  of  Lakes  Michigan 
and  Huron,  if  feasible,  would  better  conditions  on  those  lakes  and  in 
the  lower  St.  Marys  River,  but  the  change  in  outflow  caused  by  such 
regulation  would  likewise  increase  the  fluctuations  in  the  lo'wer 
lakes  and  rivers  to  the  detriment  of  navigation.  Moreover,  the  con- 
struction of  regulating  works  in  the  St.  CJlair  River  must  of  neces 
sity  cause  a  serious  obstruction  to  navigation. 

A  study  of  hydraulic  conditions  on  tne  Great  Lakes  shows  clearly 
the  close  interdependence  of  their  levels  and  the  system  by  which 
nature  regulates  those  levels.  Whether  the  system  can  be  improved 
upon  by  human  agency  sufficiently  to  justify  the  construction  and 
operation  costs  is  problematical.  Any  change  involving  artificial 
storage  to  be  generally  beneficial  would  require  cooperative  regu- 
lation of  all  of  the  lakes  and  rivers,  with  an  intricate  system  for 
balancing  the  variable  and  erratic  supply  from  the  various  drainage 
basins.  Such  regulation  would  involve  tremendous  costs  and  the 
whole  works  would  be  more  or  less  experimental. 

It  is  quite  possible  that  regulation  will  ultimately  be  resorted  to 
when  the  various  interests  about  the  Great  Lakes  have  become  more 
valuable  and  when  experience,  experiment,  and  further  study  have 
indicated  more  certainly  its  desirability.  In  such  case  regulation 
of  Lake  Ontario  and  the  St.  Lawrence  River  would  possibly  best  be 
undertaken  first. 

On  the  other  hand,  it  is  perfectly  feasible  to  raise  the  surface  of 
any  of  the  lakes  without  interfering  appreciably  with  its  natural 
fluctuations  or  its  average  monthly  flow,  and  hence  without  aflfect- 
ing  levels  on  the  lakes  and  rivers  below.    This  is  illustrated  by  the 
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artificial  raising  of  Lake  Ontario,  caused  by  the  construction  of  the 
•*'  Gut  Dam" ;  where,  however,  the  building  of  this  dam  above  low- 
water  level  has  decreased  the  increment  of  discharge  and  increased 
to  some  extent  the  fluctuations  on  Lake  Ontario. 

In  the  report  of  a  special  board  of  en^eers  upon  waterway  from 
Lockport,  111.,  to  the  mouth  of  Illinois  Kiver,  House  Document  No. 
762,  Sixty-third  Congress,  second  session,  are  presented  plans  for 
•compensating  the  levels  of  Lakes  Erie,  Michigan,  and  Huron  for  a 
diversion  of  10,000  cubic  feet  per  second  at  Chicago.  These  plans 
propose  the  construction  of  three  submerged  weirs  in  the  upper 
Niagara  River  near  Squaw  Island  and  a  series  of  six  weirs  in  the 
St.  Clair  River,  spaced  one-half  mile  apart  over  a  stretch  extend- 
ing downstream  some  3  miles  from  the  mouth  of  Black  River.  These 
weirs  are  4  to  6  feet  high  and  are  designed  to  raise  Lake  Erie  0.45 
foot  or  6.4  inches,  and  Lakes  Michigan  and  Huron  0.47  foot  or  5.6 
inches.  The  estimated  cost  is  $475,000,  with  a  possible  annual  ex- 
penditure of  $15,000  for  maintenance.  These  estmiates  are  based  on 
prices  of  labor  and  materials  much  lower  than  now  obtain. 

That  this  method  of  compensation  is  practicable  and  that  the  de- 
sired results  can  be  obtained  at  a  comparatively  reasonable  cost  is  be- 
yond question.  Furthermore,  structures  of  this  nature  would  offer  a 
minimum  interference  with  navigation  and  would  have  little  tend- 
en^'  to  retard  the  movement  of  ice. 

TO  compensate  for  the  loss  of  elevation  on  water  levels  above  the 
head  of  Niagara  River  resulting  from  all  diversions,  present  and  pro- 
spective, would  require,  as  shown  in  Table  No.  48,  the  raising  of  Lake 
Erie  1.27  feet.  Lake  St.  Clair  0.83  foot,  and  Lakes  Michigan  and  Huron 
0.76  foot.  This  would  necessitate  much  more  extensive  works  than 
those  planned  in  the  report  just  referred  to ;  and  because  of  the  amount 
of  back  water  required  and  the  limiting  sections  in  which  to  work,  it 
might  be  necessary  to  adopt  additional  means  of  contracting  the  chan- 
nels than  by  weirs  alone. 

There  is  a  wide  range  in  the  matter  of  details  and  locations  of  com- 
pensating works  that  would  be  practical  and  would  give  the  full  com- 
pensation desired.  The  selection  of  the  best  and  most  economical 
method  is  largely  a  matter  of  engineering  judgment. 

St.  Lawrence  liiver, — ^The  diversion  at  Chicago  is  the  only  one  which 
lowers  the  whole  St.  Lawrence  River.  At  mean  stage  the  lowering  due 
to  a  diversion  of  14,000  cubic  feet  per  second  is  0.66  foot  at  the  head  of 
the  river  and  the  effect  is  practically  unchanged  as  far  down  as  Ogdens- 
burg.  Below  Ogdensburg  the  river  is  a  succession  of  rapids  and  pools, 
and  the  amount  of  lowering  changes  greatly  from  point  to  point.  The 
value  of  0.99  foot  at  Lock  25  is  the  greatest  that  has  been  computed  for 
any  point  above  St.  Regis,  although  it  is  possible  that  a  slightly  greater 
effect  may  exist  at  some  other  point.  Below  St.  Regis  the  stream  flows 
entirely  through  Canadian  territory,  and  detailed  hydraulic  data  is 
not  available.  It  is  said  that  at  some  places  in  this  part  of  the  river 
the  lowering  is  15  or  20  per  cent  greater  than  at  Lock  25.  Below  Mon- 
treal there  are  no  rapids  and  the  slope  is  small.  The  effects  of  diver- 
sion in  this  part  of  the  river  decrease  toward  the  ocean. 

In  this  investigation  no  consideration  has  been  given  to  the  matter 
-of  compensating  works  downstream  from  St.  Regis.  For  the  reach 
between  St.  Regis  and  Ogdensburg  the  data  is  very  scanty  and  any 
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detailed  study  would  require  extensive  surveys.  The  traflBc  on  the 
St.  Lawrence  is  comparatively  small,  being  less  than  5  per  cent  of 
the  traffic  on  the  upper  lakes,  and  only  aoout  one-third  of  this  is 
in  United  States  vessels.  For  these  reasons  it  was  not  thought  ad- 
visable to  make  a  detailed  study  of  compensating  works  on  the  St. 
Lawrence  River.  In  general,  it  can  be  said  that  such  works  are 
entirely  feasible  and  present  no  especial  difficulties  of  construction. 
At  the  head  of  each  rapids  an  obstruction  of  some  sort  must  be 
built,  probably  in  the  nature  of  a  narrowing  of  the  river.  This  will 
raise  the  water  in  the  pool  above.  The  increased  velocity  caused 
by  the  obstruction  will  do  no  damage,  as  there  is  no  upbound  navi- 
gation in  any  of  the  rapids,  and  the  bottoms  of  all  are  composed  of 
ledge  rock  or  large  bowlders  which  would  not  be  subject  to  erosion 
by  the  moderately  increased  velocities. 

Proposed  works  at  Ogden  IsUmd, — The  New  York  A  Ontario 
Power  Co.  is  promoting  a  scheme  for  developing  power  in  the  "  Little 
River"  behind  Ogden  Island  by  rebuilding  the  old  dam,  removing 
the  causeway,  and  enlarging  the  entrance  channel,  as  explained  in. 
Section  C.  To  compensate  for  the  lowering  of  more  than  2  feet^ 
which  the  proposed  diversion  of  nearly  30,000  cubic  feet  per  second 
would  cause  in  the  pool  between  LoVk  24  and  Lock  25,  the  company 
proposes  to  build  a  training  wall  between  Canada  Island  and  the 
foot  of  Offden  Island,  and  also  to  construct  a  submerged  weir  be- 
tween Ogden  Island  and  the  head  of  the  Morrisburg  Canal.  The 
depth  of  water  on  the  weir  is  to  be  22  feet  at  low  stage.  Detailed 
plans  of  the  proposed  works  are  not  available,  but  it  is  believed  that 
sufficient  compensation  is  not  provided.  The  project  is  now  before 
the  International  Joint  Commission  for  investigation. 

Lake  Ontario, — Fluctuations  of  stage  are  practically  the  same 
in  Lake  Ontario  and  in  the  St.  Lawrence  River  above  Ugdensburg* 
and  in  studies  of  this  nature  this  part  of  the  river  can  be  considered 
to  be  merely  an  arm  of  the  lake. 

It  is  required  to  raise  the  level  of  the  lake  0.66  foot.  The  building 
of  the  Gut  Dam  has  already  caused  a  rise  of  0.66,  and  it  is  very  doubt- 
ful if  compensation  for  the  remaining  tenth  of  a  foot  is  worth  while. 
If  it  is  desired,  it  merely  requires  a  further  obstruction  at  the  head 
of  the  American  channel  of  the  Galop  Rapids.  Because  of  lack  of 
data  on  slopes  and  velocities  at  this  point  no  definite  plan  or  esti- 
mate can  be  formulated,  but  it  is  apparent  that  nothing  extrenaely 
elaborate  or  expensive  would  be  required. 

Niagaisi  River, — The  restoration  of  levels  in  Lake  Ontario  will 
also  compensate  for  the  lowering  of  the  navigable  portions  of  the 
Niagara  JRiver  below  the  Falls. 

On  the  upper  river  it  is  required  to  raise  the  level  2.41  feet  at 
Chippawa.  This  can  be  done  bj^  an  obstruction  above  the  first  cas- 
cade. On  the  Canadian  side  this  obstruction  should  be  placed  below 
the  mouth  of  Chippawa  Creek  in  order  to  maintain  the  full  head  on 
power  plants  drawing  water  from  this  creek  and  to  preserve  the 
navigable  depth  in  it.  For  similar  reasons  the  American  end  of  the 
obstruction  should  be  below  Port  Day.  The  preservation  of  the 
beauty  of  the  American  Falls  requires  that  little  or  none  of  the 
obstruction  should  be  so  placed  as  to  obstruct  the  channel  approach- 
ing the  American  Bapids.    This  matter  is  treated  more  ruUy   in 
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Section  E  3  of  this  report.  These  considerations  indicate  that  the 
obstruction  should  extend  from  below  Chippawa  Creek  north  to 
i^thin  perhaps  1,SOO  feet  of  Port  Day  and  then  west  to  the  head  of 
Goat  Isdand. 

With  the  construction  of  new  Niagara  power  plants  large  amounts 
of  excavated  rock  will  be  available.  It  might  fairly  be  required 
as  one  of  the  conditions  of  the  permits  for  water  diversion  that  the 
companies  place  part  of  this  rock  in  the  river  at  designated  spots. 
The  required  amount  can  easily  be  determined  by  trial  if  water  gauges 
are  maintained  at  Chippawa  and  Buffalo.  The  cost  to  the  Govern* 
ment  would  be  only  that  of  inspection  and  supervision. 

It  should  be  stated  that  during  the  past  year  material  dredged 
from  the  new  approach  channel  to  Port  Day  has  been  dumped 
below  the  Port  Day-Chippawa  line  and  that  this  has  raised  the 
water  level  at  Port  Day.  Study  of  the  gauges  shows  that  the  effect 
of  such  dumping  prior  to  March,  1919,  has  been  to  raise  the  water 
at  Port  Day  about  half  a  foot.  This  compensates  for  nearly  one-half 
of  the  lowering  which  has  thus  far  occurred  at  this  point.  It  com- 
pensates fully  for  all  the  lowering  caused  by  the  Ajnerican  power 
companies.  Spoil  is  being  deposited  similarly  on  the  Canadian  side 
by  the  Hydro-Electric  Power  Commission  of  Ontario. 

The  obstruction  described  in  the  preceding  paragraph  would  in 
a  measure  be  similar  to  the  submerged  rock  weir  described  on  page 
34,  House  of  Representatives  Do«niment  No.  762,  Sixty-third  Con- 
gress, second  session.  It  would  be  somewhat  less  regular  in  form, 
and  would  not  extend  across  the  channel  leading  to  the  American 
Falls,  Moreover,  it  would  be  a  less  pretentious  and  expensive  weir 
than  the  concrete  weir  proposed  by  the  International  Waterways 
Commission  in  Senate  Document  No.  118,  Sixty-third  Congress,  first 
session,  and  would  raise  the  Chippawa-Grass  Island  pool  80  per 
cent  as  much.  Its  location  is  less  objectionable  than  that  of  the  com- 
mission's weir,  being  downstream  rrom  Chippawa  Creek  and  Port 
Day.  It  is  also  less  objectionable,  in  that  it  will  not  cause  as  high 
water,  and  therefore  will  not  flood  low-lying  lands  in  the  vicinity. 
The  weir  advocated  by  the  commission  was  designed  to  create  a 
generous  backwater  effect  on  Lake  Erie,  while  the  obstruction  herein 
proposed  is  designed  to  care  for  the  Niagara  River  only,  the  sub- 
merged weirs  near  the  head  of  the  river  creating  the  necessary  back- 
water effect  on  the  lake. 

Lake  Erie. — Works  which  raise  the  Niagara  River  2.41  feet  at 
Chippawa  will  cause  a  backwater  effect  at  Austin  Street  sufficient 
to  produce  a  rise  of  0.42  foot  in  Lake  Erie.  As  the  total  lowering 
of  Lake  Erie  caused  by  the  present  and  prospective  diversions  is 
1.27  feet,  works  must  be  built  near  the  head  of  the  river  sufficient  to 
produce  a  further  rise  of  0.85  foot  in  the  lake. 

Hydraulic  studies  showed  that  this  could  be  accomplished  by  five 
submerged  dikes  or  weirs  built  across  the  river  abreast  of  Squaw 
Island.  The  first  would  be  located  4,450  feet  above  the  Internationa) 
Bridge  and  the  fifth  2,150  feet  below  it,  the  other  three  being  spaced 
evenly  between  them.  At  these  sections  the  river  is  from  1,770  to 
2,350  feet  wide,  with  maximum  depths  of  from  -34  to  45  feet  at  mean 
stage,  and  with  mean  velocities  of  from  4  to  4.8  feet  per  second. 


382     DIVERSION  OF  WATER  FROM  GREAT  LAKES  AND  NIAGARA  RIVER- 

There  is  very  little  navigation  in  Uiis  section  of  the  river,  as  the 
greater  number  of  downbound  vessels  and  practically  all  upbound 
vessels  use  the  Black  Rock  Canal  and  lock.  The  most  restricted  sec- 
tion is  at  the  old  waterworks  intake  about  8,000  feet  above  the  bridge. 
Here  the  greatest  depth  is  13  feet  at  standard  low  water  and  the  mean 
velociy  is  about  9.1  feet  per  second.  No  serious  obstruction  to  navi- 
gation will  occur  if  the  depths  and  velocities  at  the  compensating 
works  are  kept  within  these  limits. 

The  works  actually  designed  consist  of  rock  dikes  15  feet  wide  oa 
the  crest  with  2  to  1  side  slopes.  Their  crests  are  15  feet  below 
standard  low  water.  Near  one  shore  the  dike  is  higher^  extending  to- 
within  6  feet  of  the  surface  at  standard  low  water.  This  high  part,  is 
on  the  American  side  in  the  two  upstream  sections  and  on  the  Cana- 
dian side  in  the  other  three.  Its  length  varies  from  67  to  767  feet. 
The  mean  velocity  over  each  of  these  dikes  is  8  feet  per  second  at  mean 
stage.  It  will  be  observed  that  any  vessel  which  can  pass  the  water- 
works intake  safely  will  have  no  difficulty  in  passing  these  works. 
Ice  and  drift  will  pass  freely. 

The  bottom  and  Canadian  shore  of  this  part  of  the  river  consist  of 
ledge  rock  and  large  bowlders  and  will  not  be  subject  to  scour.  Near 
the  Squaw  Island  end  of  each  dike  protection  against  scour  will  be 
needed  as  the  material  there  is  sand,  gravel,  and  clay. 

The  estimated  effect  of  these  works  is  to  raise  the  river  1.9  feet 
at  the  upstream  weir  and  to  raise  Lake  Erie  0.85  foot.  The  hydraulic 
problems  involved  are  very  complex  and  do  not  admit  of  an  exact 
solution.  Several  different  methods  of  computing  the  effect  have 
been  tried  and  their  results  compared.  It  is  believed  that  the  figures 
given  above  are  reasonable,  erring,  if  at  all,  upon  the  side  of  safety. 
When  the  works  are  constructed  the  effect  can  be  closely  watched  by 
gauge  comparisons  and  the  desired  amount  of  compensation  can  be 
obtained  by  small  changes  in  the  original  plans. 

The  weirs  as  designed  contain  about  185,000  cubic  yards  of  mate- 
rial.   The  cost  is  roughly  estimated  at  $2,000,000. 

Detroit  River. — When  Lake  Erie  is  raised  1.27  feet  by  the  two  sets 
of  compensating  works  in  the  Niagara  River,  which  have  just  been 
described,  Lake  St.  Clair  will  be  raised  0.55  foot.  As  the  total  lower- 
ing of  Lake  St.  Clair  by  the  present  and  prospective  diversions  is 
0.83  foot,  there  remains  0.28  foot  to  be  compensated  for  in  that  lake. 
The  further  compensation  needed  on  the  Detroit  River  varies  from 
0.28  foot  at  the  upper  end  to  zero  at  the  mouth.  In  the  dredged 
channels  in  the  lower  part  of  the  river  the  lowering  would  not  exceed 
one-tenth  of  a  foot.  This  could  be  compensated  for  by  an  obstruc- 
tion west  of  Grosse  Isle,  but  only  at  the  expense  of  increasing  the 
current  through  the  channels  where  the  present  current  causes  con- 
siderable annoyance  to  vessel  men.  As  the  lowering  is  very  small,  it 
will  probably  oe  most  satisfactory  to  leave  it  uncompensated. 

From  the  foot  of  Fighting  Island  to  the  head  of  the  river  the 
resultant  lowering  will  be  from  0.10  to  0.28  foot.  As  the  depths  are 
ample  in  this  part  of  the  river,  there  is  no  need  for  any  compensation. 

LaJce  St.  Clair. — There  are  several  methods  by  which  Lake  St^ 
Clair  can  be  raised  -the  required  amount  of  0.28  foot.  It  is  im- 
portant that  this  compensation  should  be  complete,  for  Lake  St. 
Clair  is  now  the  point  of  limiting  depth  in  the  Great  Lakes  water- 
way, and  any  shoaling  there  has  very  serious  effects. 
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Submerged  weirs  in  the  deeper  sections  of  the  Detroit  River  below 
Belle  Isle  could  be  designed  to  produce  the  required  effect,  but 
would  be  somewhat  objectionable  on  account  of  the  increased  and 
variable  currents  that  would  be  created  along  the  busv  dock  front 
of  Detroit.  Another  plan  would  be  the  partial  closing  ot  the  channels 
on  the  American  side  of  Belle  Isle  and  the  Canadian  side  of  Peche 
Island,  with  such  additional  contraction  of  the  main  channel  as 
might  be  required.  The  channel  north  of  Belle  Isle  is  seldom  used 
by  anything  but  pleasure  craft,  and  might  well  be  closed  except 
for  a  narrow  channel  which  would  permit  the  passage  of  the  smaller 
boats,  ice,  and  sufficient  water  to  keep  the  American  channel  clean. 
To  avoid  unsightliness,  a  dam  in  this  locality  should  be  below  low 
water  or  be  built  as  an  artistic  causeway  from'  the  head  of  the  island 
to  the  mainland.  The  principal  objection  to  this  plan  is  the  danger 
that  the  increased  velocities  would  scour  the  soft  bottom  of  the  main 
channel  and  thus  lessen  the  compensation. 

The  full  details  and  estimates  of  compensating  works  in  the  De- 
troit River  are  not  possible  with  the  data  now  available,  nor  is  it 
possible,  without  a  special  survey  and  a  thorough  studv  of  conditions, 
to  say  that  a  plan  can  be  devised  that  will  not  be  subject  to  serious 
objections. 

An  alternative  and  probably  a  better  and  cheaper  method  of  re- 
storing depths  in  Lake  St.  Clair  would  be  by  dreaging  of  the  chan- 
nels 0.28  foot  deeper.  This  additional  dredging  would  require  the 
mo^ang  of  about  800,000  cubic  yards  of  material  at  a  cost  of  perhaps 
$160,000. 

St.  Clair  River. — If  compensating  works  on  the  Detroit  River 
are  omitted  and  the  depths  in  Lake  St.  Clair  are  restored  by  dredging, 
the  rise  in  Lake  St.  Clair  caused  bv  the  Niagara  works  will  be  0.65 
foot.  This  will  cause  a  rise  in  Lake  Huron  of  0.16  foot.  The  un- 
compensated lowering  will  be  0.28  foot  in  Lake  St.  Clair  and  0.60 
foot  in  Lake  Huron.  In  the  St.  Clair  River  the  lowering  will  be 
between  these  limits. 

On  the  St.  Clair  River  below  Port  Huron  there  are  a  number  of 
small  towns  and  villages  on  both  sides  of  the  river.  These  have 
docking  facilities  for  vessels  drawing  from  10  to  15  feet  of  water. 
The  actual  navigation  at  these  ports  is  very  small  and  the  damage 
resulting  from  a  small  reduction  in  the  available  depths  would  be 
trifling.  In  any  particular  place  a  small  amount  of  dredging  would 
restore  the  original  depth  if  it  were  thought  worth  while. 

There  afe  also  a  few  places  where  the  main  ship  channel  has  been 
deepened  bv  dred^ng  and  where  a  little  additional  dredging  might 
be  required  to  maintain  the  project  depth.  It  is  estimated  that  tnis 
dredging  would  not  cost  more  than  $50,000. 

At  the  head  of  the  river  the  cities  of  Port  Huron,  Samia,  and  Point 
Edward  are  all  important  ports  used  by  vessels  of  the  larger  type. 
The  matter  of  maintaining  the  depths  at  these  ports  need  not  be 
discussed  here,  as  the  project  suggested  in  the  next  paragraph  for 
compensating  Lake  Huron  will  do  all  that  is  needed. 

Lake  Huron, — To  raise  Lake  Huron  0.50  foot  by  means  of  compen- 
sating works  near  the  head  of  St.  Clair  River  would  require  contrac- 
tion of  this  outlet  sufficient  to  hold  back  about  15,000  cubic  feet  per 
second  of  flow  at  mean  stage,  or  nearly  8  per  cent  of  the  natural 
discharge. 
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It  is  believed  safe  to  assume  that  a  minimum  depth,  of  25  feet  at 
standard  low  water  and  a  maximum  velocity  of  4|  feet  per  second 
would  in  no  way  prove  detrimental  to  navigation.  It  is  practicable 
to  provide  the  compensation  and  to  keep  within  the  limits  named  by 
improvements  in  the  St.  Clair  River  below  the  mouth  of  Black  River. 
A  series  of  submerged  weirs  with  crests  25  feet  below  low  water 
would  serve  the  purpose.  It  is  estimated  that  11  sets  of  weirs  spaced 
about  one-third  of  a  mile  apart  and  containing  a  total  of  about 
290,000  cubic  yards  of  stone,  will  raise  the  level  of  the  river  above  the 
upper  weir  an  amount  sufficient  to  back  up  Lake  Huron  the  full 
amount  required.  Bank  protection  would  be  required  at  the  ends 
of  the  weirs.    The  cost  would  probably  not  exceed  $1,500,000. 

The  preceding  discussion  of  compensating  works  on  the  various 
rivers  is  based  upon  the  idea  of  compensating  for  the  greatest  diver- 
sions that  are  now  seriously  contemplated.  If  it  should  be  definitely 
decided  that  some  of  these  diversions  shall  be  limited  to  smaller 
amounts  than  those  considered  here,  the  ma^itude  and  cost  of  the 
works  would  be  correspondingly  reduced. 

It  has  been  pointed  out  that  the  construction  of  such  works  ought 
to  be  a  tentative  process.  A  certain  amount  of  work  should  be  done 
and  the  effect  observed.  Then  more  work  added,  and  so  on,  until 
the  required  amount  of  compensation  has  been  secured.  For  this 
purpose  it  is  highly  desirable  that  a  number  of  automatic  water 
gauges  be  installed  at  the  critical  points  on  the  various  rivers.  These 
should  preferably  be  installed  several  years  before  the  work  is  under- 
taken and  maintained  continuously  until  long  after  it  is  completed. 
The  gauges  now  maintained  by  the  Buffalo  and  Detroit  engineer 
districts  and  by  the  Liake  Survey  will  be  of  great  value  for  this  pur- 
pose but  will  be  quite  insufficient.  They  need  to  be  supplemented  by 
additional  gauges,  and  it  is  important  that  such  additional  gauges 
be  installed  long  before  the  proposed  work  is  undertaken. 

Several  proposals  not  here  discussed  have  been  made  for  regulat- 
ing certain  lake  levels  or  for  compensating  them.  Compensation 
without  regulation  is  effected  by  nxed  works  which  contract  the 
outflow  stream  at  the  bottom  or  the  sides  or  both.  Contraction  at  the 
sides  tends  to  increase  fluctuations  of  level  in  the  pool  above  with 
changes  of  discharge  through  the  outlet.  For  this  reason  such  works 
have  been  avoided  as  much  as  possible  in  the  projects  presented 
above,  although  they  are  somewhat  simpler,  and  are  frequently  sug- 
gested. The  term  controlling  works  denotes  movable  structures 
which  may  be  closed  to  effect  compensation,  and  opened  to  lessen  or 
eliminate  it.  Such  are  the  Stoney  gates  at  the  Soo,  and  those  planned 
for  the  head  of  Niagara  River  by  the  Board  of  Engineers  on  Deep 
Waterways. 

A  proposal  has  been  made  to  place  several  somewhat  similar  gates 
of  large  size  within  the  head  of  Niagara  River  not  far  above  the 
International  Bridge,  extending  only  part  \\ay  across  the  river. 
Plans  for  these  works  are  presented  in  the  House  Document  No.  762, 
Sixty-third  Congress,  second  session,  page  35.  It  was  proposed  to 
operate  these  gates  so  as  to  reduce  the  night  flow  and  increase  the 
daylight  flow  of  Niagara  River,  as  well  as  permanently  to  raise  the 
level  of  Lake  Erie.  Somewhat  similar  gates  have  been  proposed  for 
the  St.  Lawrence  River,  with  a  view  to  holding  up  the  levels  of  that 
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river  and  Lake  Ontario,  and  also  of  diminishing  the  flow  of  the  St. 
Lawrence,  when  the  Ottawa  Kiver  is  in  flood,  and  increasing  it  when 
the  Ottawa  is  low.  While  such  regulations  of  river  flow  may  be 
found  desirable  in  the  future,  it  is  believed  that  the  time  has  not 
arrived  when  projects  for  such  regulation  need  to  be  discussed  or 
their  practicability  studied.  Accordingly,  in  this  investigation  no 
serious  consideration  has  been  given  them. 

In  the  preceding  paragraphs  the  intent  has  been  to  indicate  in  a 
general  way  the  character  and  costs  of  works  which  seem  most  prac- 
ticable for  restoring  and  maintaining  lake  and  river  levels  in  the 
Great  Lakes  Basin.  Surveys  of  sites  and  further  study  and  design  of 
works  are  necessary  before  construction  is  undertaken.  It  is  be- 
lieved that  experiments  upon  large-sized  models  of  sections  of  the 
rivers  and  the  controlling  works  would  lead  to  improvements  in  de- 
sign fully  justifying  the  expense. 

The  works  herein  estimated  have  been  designed  to  care  for  the  full 
effects  not  onl^  of  present  diversions  but  of  proposed  diversions. 
The  intention  is  to  compensate  for  losses  of  level,  and  not  to  raise 
levels  above  normal  elevations.  Accordingly  the  works  should  be 
installed  a  portion  at  a  time,  so  that  the  parts  completed  at  any  given 
time  will  compensate  only  for  the  effects  chargeable  to  diversions 
existing  up  to  that  time. 

W.  S.  BiCHMOND. 
27880—21 25 
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[Section  H  of  Mr.  Richmond's  report,] 
1.   EFFECT  tJPOK  NAVIGATIOK. 

The  lowering  of  the  lake  levels,  discussed  in  Section  6  of  this  re- 
port, causes  a  loss  to  the  community  by  decreasing  the  load  draft 
of  the  Great  Lakes  shipping  and  thereby  increasing  the  cost  of 
transportation.  The  principal  loss  is  in  higher  freight  rates  impK>sed 
to  oSs&t  decrease  of  revenue  to  the  vessel  owners  due  to  less  amount 
of  cargo  carried  on  each  trip  of  the  deep-draft  vessels.  An  attempt 
will  be  made  to  evaluate  the  loss  caused  by  a  lowering  of  one-tenth 
of  a  foot. 

The  interlake  navigation  channels,  as  improved  and  maintained 
by  the  United  States,  are  now  actually  20  to  22  feet  deep  at  low- 
water  datums,  2  feet  below  the  mean  levels  of  Lakes  Mich^in- 
Huron,  and  1  foot  below  the  mean  level  of  Lake  Superior.  They 
may  be  enumerated  as  follows:  Interlake  channels,  St.  Marys  River, 
approach  above  canals  and  locks;  St.  Marys  Falls  Canals  and  Locks ; 
St.  Marys  River,  channels  and  approaches  below  locks ;  Grays  Seef 
Passage,  Lake  Michigan;  Lake  Huron,  at  head  of  St.  Clair  River 
and  St.  Clair  River;  Lake  St.  Clair,  and  Flats  Canals;  Detroit 
River. 

The  entrances  to  the  terminal  or  principal  harbors,  as  improved 
and  maintained  by  the  United  States,  are  of  corresponding  depths. 
There  are  about  2y  harbors  where  railroad  connections  and  terminal 
facilities  have  been  developed  and  where  interlake  conmxerce  is  car- 
ried on  in  vessels  drawing  19  feet  or  more  of  water.  The  most  im- 
portant of  these  are  listed  in  Table  No.  49,  which  also  shows  the 
total  receipts  and  shipments  from  each  port  for  the  year  1917. 

Table  No.  49. — Total  receipts  and  shipments  of  freight  for  important  ports  of 

the  Great  Lakes  in  1917. 

Lake  Superior :  short  tons. 

Duluth-Superlor 52, 411, 824 

Two  Harbors    (Agate  Bay) 10,773,241 

Ashland 9, 580. 085 

Presque  Isle   (Marquette  Bay) 2,801,312 

Ports  on  the  Keweenaw  waterway 2, 183, 274 

Marquette 1, 191, 024 

Lake  Midiigan : 

South  Chicago  (Calumet  Harbor) 10,209.304 

Milwaukee 6, 802. 864 

Indiana  Harbor 2, 209, 165 

Chicago 1. 900. 687 

Lake  Huron : 

Calcite 4, 188, 285 

Lake  Erie : 

Buffalo 18,925, 179 

Ashtabula 15, 992, 388 

Cleveland 14, 282. 687 

Toledo 13, 710, 238 

Conneaut 12, 936, 298 

Lorain 7, 529,  081 
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Lake  Erie— Continued.  Short  tons. 

Erie 4, 252, 810 

Sandusky 4, 067, 249 

Huron 3, 833. 358 

Falrport ^ 3, 461. 813 

None  of  the  other  deep-draft  ports  have  a  freight  traffic  amount- 
ing to  1,000,000  tons  per  year. 

Other  lake  harbors  are  of  secondary  importance.  Their  rail  and 
terminal  facilities  or  their  location  with  reference  to  the  source  of 
supply  or  destination  of  bulk  freight  are  such  that  their  through 
commerce  at  the  present  time  is  inconsiderable.  These  harbors, 
which  may  be  called  local  harbors  to  distinguish  them  from  the  in- 
terlake  harbors,  are  used  for  many  classes  of  local  traffic  by  differ- 
ent sizes  of  vessels,  and  the  classes  of  such  traffic  and  the  sizes  of 
such  vessels  are  subject  to  changes  ranging  from  radical  increases  to 
marked  decreases  or  even  elimination.  It  has  appeared  impractica- 
ble to  establish  any  standard  depth  for  such  local  harbors.  It  must 
be  understood  that  these  harbors  perform  a  very  necessary  purpose 
in  handling  local  traffic,  but  the  existing  depths  in  the  main  ship 
channels  are  ample  to  accommodate  all  this  commerce,  and  it  is  car- 
ried on  by  vessels  of  lesser  draft  than  those  carrying  the  great  bulk 
of  the  throuffh  freight. 

Load  draft  is  primarily  controlled  by  natural  seasonal  fluctu- 
ations of  lake  levels,  which  consist,  in  general^  of — 

On  Lakes  Michigan-Huron,  and  Lake  Erie:  A  rise  in  March  to 
June;  high  stage,  July  to  September;  fall,  in  October  to  December; 
lowest  stage  in  January  to  February  (navigation  closed) ;  range 
from  1^  feet  below  to  one-half  foot  above  mean  lake  level. 

On  Lake  Superior:  A  fall,  in  March  to  April,  to  lowest  sta^e 
(navigation  being  opened) ;  rise  in  May  to  August;  high  stage  in 
September  and  October ;  fall  in  November  to  February ;  range  from 
three-fourths  foot  below  to  one-half  foot  above  mean  lake  level. 

The  draft  of  vessels  in  the  interest  of  avoiding  damage  to  vessels 
by  grounding,  as  affecting  insurance,  and  the  accomplishment  of 
transportation  of  the  estimated  amount  of  bulk  freignt  to  be  de- 
livered during  the  season,  is  regulated  to  a  larg;e  extent  by  notices 
of  recommended  drafts,  issued  by  the  Lake  Carriers'  Association,  as 
shown  in  Table  No.  50. 

Table  No.  50. — Rectmimended  draft  for  Lake  freightern,  1917. 


Date  reoominendMl. 


April 

Jane 

Aujr.  23 

Sept.  5  to  end  of  sea- 
son. 

1918. 

Apr.9 

Apr.24 

June  6 

Do 

I>o 

Oct.  17 

Do 

Do 


20  feet  tor  Lakes  St.  Clair  and  Erie 

20  feet  4  inches  for  Lake  Michigan;  20  feet  2  Inches  for  Lakes  St.  Clair 
and  Erie. 

20  feet  10  inches  for  Lakes  St.  Clair  and  Erie 

21  feet  10  inches  for  Lakes  St.  Clair  and  Erie 

21  feet  for  Lake  Michii^n 

19  feet  6  inches  for  I^ke  Superior 

20  feet  6  inches  for  Lake  Piiperior 

20  feet  6  inches  for  Lake  Michigan 

20  feet  8  inches  for  Lakes  St.  Clair  and  Erie 

20  feet  for  Lake  Superior 

20  feet  for  Lake  Michi«»n 

20  feet  for  Lakes  St.  Clair  and  Erie 


Elevation 

of  water 

levpl. 


Fert. 
572.6 
573.6 

573.6 

573  to  3 

572.6 


581.4 
601.5 
601.7 
581.6 
572.2 

rf2.5 

5S1.2 
572.3 
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Table  No.  50. — Recommended  draft  for  Lake  freighters,  1917 — Continued 


l^ate. 


Apr.  17. 
May  9... 
June  7.. 
June  13. 
Julyl... 
Oct.  17.. 


Buffalo  Harbor. 


Honncr 
Steel  Co. 


Ft.    in. 


18    6 


19 


Above 

Ohio 

Street 

bridge. 


Ft.    in. 


19    3 


19 


Lehigh 
Valley 
and  in- 
side 
docks. 


FL    in. 


19   4 


19  8 

20  3 
20 


Lake 

front 

docks. 


Ft.    in. 


19  6 

20  6 


20 


Ashta- 
bula 
Harbor. 


Ft.    in. 

ao 
ao  6 


Conmaiit 
Harbor. 


Ft. 


19 

»  a 


ao 


30 


No  recommendations  are  issued  for  harbors  at  Cleveland,  Liorain, 
Huron,  Sandusky,  or  Toledo. 

It  will  be  noted  that  the  above  recommended  drafts  for  the  inter- 
lake  waterway  are  not  uniformly  consistent  with  rise  and  fall  of 
water  level,  and  it  is  to  be  stated  that  these  four  harbors,  especially 
Buffalo  Harbor,  indicate  the  influence  of  inner  harbor  conditioi^ 
upon  load  draft. 

Nearly  all  of  the  "  bulk  freight "  traffic  of  the  upper  lakes  is  carried 
in  large  vessels  of  from  3,000  to  15,000  short  tons  cargo  capacity. 
The  vessels  habitually  load  to  a  draft  of  19  feet  or  over,  depending 
upon  the  available  aepth.  They  carry  the  greatest  possible  loaa 
wich  they  can  get  over  the  critical  points  m  their  journey,  and 
every  lowering  of  the  lake  level  deprives  them  of  that  much  carrying 
capacity. 

The  following  study  of  the  effect  on  this  traffic  of  one-tenth  of  a 
foot  lowering  of  lake  level  is  based  upon  data  contained  in  the 
Statistical  Eeport  of  Lake  Commerce  Massing  Through  Canals  at 
Sault  Ste.  Marie,  Mich.,  and  Ontario,  the  List  of  Merchant  Ves- 
sels of  the  United  States,  and  the  Annual  Reports  of  the  Lake  Car- 
riers' Association. 

Since  the  building  of  the  first  500-foot  vessel,  the  Augustits  B.  Wol- 
vm^  in  1904,  of  the  ships  expressly  built  for  the  bulk  freight  trade  of 
the  upper  lakes  only  one  has  been  less  than  400  feet  in  length.  The 
fleet  now  consists  of  530  vessels  with  a  total  cargo  capacity  of  3,900,- 
000  short  tons  for  a  sinrfe  trip.  This  fleet  may  be  approximately 
classified  as  to  size  as  in  Table  51. 

Table  61. — OUuHfUsation  of  Lake  freighters  by  size. 


Typical  dlmen- 

SiODS. 

Nnm- 

ber  of 

vmsels 

indass. 

Cargo  ca- 

padtv, 

short 

tons,  at 

19  feet 

draft. 

In- 
crease 
of  ea- 
rn shoit 
tons, 
per  0.1 
foot  of 
draft. 

Per* 

centage 
of total 

carried. 

Regis- 
tered 
tonnage. 

Length 
over  all. 

Beam. 

280 
370 
460 
570 
600 

40 
45 
52 
56 
60 

85 
124 
158 
121 

42 

3,000 

5.500 

7,600 

10,500 

12,000 

31 
47 
68 
92 
104 

10 
10 
34 
26 
20 

2,400 
8,500 
5,100 
6,800 
7,700 
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As  Table  51  shows,  at  the  ordinary  load  draft  the  effect  of  a 
reduction  of  one-tenth  of  a  foot  is  to  reduce  the  freight  capacity  of 
the  vessels  by  from  31  to  104  short  tons.  The  weighted  mean,  based 
upon  the  percentages  of  the  total  yearly  freight  carried,  is  75.6  short 
tons  per  tenth  of  a  foot  of  draft,  or  63  short  tons  per  inch. 

Of  the  42  vessels  in  the  600- foot  class,  eight  are  of  more  than  8,000 
tons  register.    Table  52  giv^  the  dimensions  of  the  three  largest. 

Table  52. — DimenHan  of  the  S  largest  freight  vessels  on  the  Great  Lakes, 


Name. 


W.  Qrant  Mordan 

Col.  James  M.  Schoonmaker 
Wm.  P.  Snyder,  jr , 


Length 
overall. 

Beam. 

Depth. 

Regis- 
ered  ton- 
nage. 

Greatest 

cargo  ever 

carried, 

short 

tons. 

625 
617 
617 

50 
64 
64 

32 
33 
33 

8,974 
8,An» 
8,An» 

13,721 
15,148 
15,292 

Short 

tons  per 

tenth  of 

foot  of 

draft. 


1(7.8 
113.2 
113.2 


Photographs  Nos.  172  to  183  illustrate  the  various  types  of  ships 
used  on  the  Great  Lakes. 

The  amount  of  bulk  freight  shipped  varies  considerably  from  year 
to  year.  For  use  in  these  studies  the  mean  of  the  four  years  ending 
in  1918  has  been  taken.  The  chief  commodities  included  in  this  class 
are  four — namely,  iron  ore,  grain,  limestone,  and  coal.  The  averages 
for  the  years  mentioned  were  as  in  Table  No,  53. 

Table  No.  53. — Bulk  freight  carried  in  commerce  on  the  Great  Lakes, 


Iran  ore,  east  to  Lake  Michigan . 
hxmore,  east  to  Lake  Erie 


Total  iron  ore 

Grain,  east  from  Lake  Michigan. 
Grain,  east  from  Lake  Bnpenor.. 

Total  grain...: 


Stone,  west  to  Lake  Michigan. 
Stone,  east  to  Lake  Erie 


Total  stone. 


Coal,  west  to  Lake  Michlean. 
Coal,  west  to  Lake  Supenor . 


I  Percent- 
Shorttons.     age  of 
total. 

I 


10,000,000 
45,000,000 


10.3 
46.4 


55,000,000 


5«.7 


2,000,000 
4,000,000 


6,000,000 


2.07 
4.  IB 


6.2 


1,500,000  t 
4,500,000  , 


1.55 
4.65 


6,000,000 


6.2 


13,000,000!  13.4 

17,000,000  17.5 


Total  coal.. I  30,000,000 

Grand  total 07,000,000 


30.9 


100.0 


Bulk  freight  rates  are  subject  to  considerable  fluctuation,  and  were 
notably  variable  during  war  conditions  in  1917-18.  The  rates  are 
determined  by  governing  bodies  (during  the  war  period  by  the  United 
States  Shipping  Board)  as  "base  rates"  to  and  from  "modem 
docks."  "  Slow  docks  "  pay  whatever  is  necessary  above  "  base  rates." 
"  Slow  docks  "  are  those  not  only  deficient  in  transfer  facilities  but 
also  those  comparatively  difficult  of  access  in  inner  harbors  or  where 
depth  of  water  is  lacking. 
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During  the  war  freight  rates,  like  everything  else,  arose  to  un- 
precedented heights,  reaching  a  maximum  in  1918.  What  the  future 
rates  will  be  is,  of  course,  unknown,  but  it  appears  to  be  the  general 
opinion  that  they  will  decline  somewhat,  although  a  return  to  prewar 
conditions  is  not  to  be  expected.  At  the  beginning  of  the  1919  season 
rates  declined  10  or  15  per  cent  below  the  1918  level.  For  the  purpose 
of  this  study  rates  have  been  taken  at  75  per  cent  of  the  values  in 
1918.  Table  No.  54  gives  the  rates  prevailing  in  1918.  The  column 
headed  "  Mean  "  contains  the  mean  rate  obtained  by  weighting  each 
rate  in  proportion  to  the  amount  of  traffic  subject  to  it. 

Table  No.  54. — Estimated  Lake  freight  rates. 


Route. 


Ore: 

ToLakeSfichigan.... 

To  Lake  Erie 

Grain: 

From  Lake  Michigan 

From  Lake  Supenor. 
Coai: 

To  Lake  Michigan.... 

To  Lake  Supenor 

Stone: 

To  Lake  Michigan..., 

To  Lake  Erie , 


Rate  per 

short 
ton,  191S. 


10.76 
.89 

L17 
1.53 

.58 
.48 

.75 
.75 


Weighted 

mean, 

1918. 


}     10.86 
1.41 
.52 
.75 


Adopted. 


Revenue 
per  0.1- 
foot  draft 
and  73.6 
short 
toss. 


saso 

L06 
.39 
.56 


$49.14 

80.  H 
2a  IS 
42.34 


Weighting  each  value,  in  the  last  column  by  the  per  cent  of  the 
total  freight  movement  which  that  commodity  constitutes,  the 
weighted  mean  value  of  the  revenue  lost  through  reduction  of  one- 
tenth  of  a  foot  in  the  available  draft  is  found  to  be  $44.57  for  each 
trip  of  a  loaded  vessel. 

As  the  fleet  of  530  vessels  has  a  total  capacity  of  3,900,000  short 
tons  per  trip,  the  movement  of  the  annual  shipment  of  97,000,000  tons 
requires  25  trips.  A  lowering  of  the  lake  level  of  one-tenth  of  a  foot 
would  cause  an  annual  loss  of  revenue  to  vessel  owners  in  25  single 
trips  of  530X25X44.57=$590,000,  and  this  loss  would  have  to  be 
made  good  by  an  increase  in  rates. 

The  normal  schedule  of  lake  freight  vessels  is  to  make  20  round 
trips  per  navigation  season  of  about  240  days.  This  is  not  fully 
realized,  due  to  delays  caused  by  sea  and  fog,  by  repairs  to  machinery, 
and  by  accidents  ranging  from  those  requirmg  a  few  days  for  repairs 
to  hull,  to  wrecking,  and  consequent  witiidrawal  from  the  fleet. 

As  a  matter  of  fact,  while  the  normal  freight  movement  could  be 
accomplished  by  the  whole  fleet  making  17  "  going  trips  "  with  iron 
ore  and  grain  and  stone,  and  by  8  "return  trips"  with  coal,  it  is 
really  accomplished  by  some  of  the  fleet,  notably  the  larger  vessels, 
making  20  or  more  round  trips,  and  the  others  making  a  lesser  num- 
ber of  trips,  with  frequent  "return"  trips  without  cargo.  As  the 
above  figures  are  all  based  on  weighted  means,  the  correctness  of  the 
computation  is  not  affected  by  these  facts. 

There  is  one  circmnstance  that  tends  to  reduce  the  above  figure  a 
trifle.  When  the  load  draft  of  a  boat  is  reduced  by  one-tenth  of  a 
foot,  there  is,  theoretically,  a  slight  reduction  in  the  coal  consump- 
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tion  required  to  drive  the  boat  at  its  normal  speed.  The  exact  amount 
of  this  can  not  be  determined,  but  it  would  seem  that  it.  must  be  very 
small  indeed. 

On  the  other  hand,  there  are  several  itemd  of  loss  to  vessel  owners 
or  shippers  that  have  not  been  considered.  If  the  average  vessel  load 
is  reduced  75.6  tons  per  trip,  then  in  25  trips  the  fleet  will  carry 
1,000,000  ions  less.  In  a  busy  season  this  might  lead  to  extra  trips 
after  the  official  close  of  navigation  when  insurance  is  higher  and 
accidents  are  more  frequent.  It  might  even  lead  to  some  of  the 
freight  beinff  shipped  by  rail  at  a  great  advance  in  rates. 

Further,  tnere  will  be  loss  to  the  second-class  shipping,  the  vessels 
drawing  from  10  to  IB  feet.  Many  of  these  trade  into  second-class 
ports  where  depths  are  much  less  than  in  the  large  ports,  carrying 
the  greatest  cargo  that  the  depth  of  water  will  allow.  Any  lowering 
of  lake  levels  reduces  their  carrying  capacity  exactly  as  m  the  case 
of  the  bulk  freighters. 

Again,  there  will  be  some  vessels  which  are  just  able  to  carry  their 
full  Toads  after  the  levels  have  been  lowered,  but  nevertheless  have  an 
appreciably  diminished  clearance  under  their  keels.  This  leads  to 
losses  through  reduced  speeds  and  creates  greater  probability  of  dam- 
age by  stranding  or  collision. 

These  four  items  are  all  small.  One  is  of  a  nature  tending  to  re- 
duce the  figure  of  $590,000  arrived  at  as  the  annual  loss  due  to  a  one- 
tenth  foot  reduction  in  lake  levels.  The  other  three  tend  to  in- 
crease it. 

Nearly  all  the  traffic  of  the  St.  Lawrence  River  is  carried  on  by 
vessels  loaded  to  the  greatest  draft  which  they  can  take  through  the 
locks  of  the  Canadian  canals.  The  available  information  about  this 
traffic  is  not  so  extensive  as  in  the  case  of  the  upper  lake  shipping, 
but  there  is  sufficient  data  to  form  an  estimate  of  the  result  oi  lake 
lowering. 

The  ships  engaged  in  -this  trade  are  limited  in  size  by  the  dimen- 
sions of  the  locks,  which  are  270  feet  long  from  center  to  center  of 
hollow  quoins,  45  feet  wide,  and  about  14  feet  deep  at  ordinary  low 
water.  A  typical  vessel  of  this  class  is  of  1,600  tons  register;  length, 
250  feet  over  all;  beam,  40  feet;  molded  depth,  19  feet;  maximum 
cargo  capacity,  about  2,500  short  tons.  These  vessels  habitually 
load  to  the  greatest  draft  which  they  can  get  over  the  sills  of  the 
locks.  Any  lowering  of  lake  levels  causes  a  corresponding  reduction 
in  load  draft  and  cargo  capacity.  A  lowering  of  one-tenth  of  a  foot 
reduces  the  capacity  by  about  23  short  tons. 

As  an  example  of  the  larger  vessels  built  for  the  canal  trade  the 
steamer  /?.  Z.  Barnes  may  be  mentioned.  She  is  260  feet  long  over 
all,  43.2- foot  beam,  and  21.5-foot  molded  depth.  Her  registered  ton- 
nage is  1,914  tons  and  maximum  cargo  capacity  3,500  tons.  The  de- 
creased capacity  due  to  a  reduction  of  one-tenth  of  a  foot  in  draft  is 
26.4  tons. 

During  the  war  vessels  of  over  2,500  tons  register  were  built  on 
the  Lakes  and  passed  through  the  canals  for  use  on  the  ocean.  These 
vessels  were  not  adapted  to  the  lake  trade  and  could  not  carry  their 
full  cargo  through  the  locks,  therefore  they  need  not  be  considered 
further. 

The  average  freight  movement  on  the  St.  Lawrence  canals  is  about 
3,750,000  short  tons  per  year.    By  far  the  greater  part  of  this  con- 
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siste,  in  about  equal  proportions,  of  coal  from  Lake  Ontario  and 
grain  from  Lake  Superior.  The  small  remainder  is  chiefly  lumber 
and  package  freight.  In  1917  and  1918  the  rate  for  coal  was  $1.50 
per  short  ton.  The  grain  rate  was  $3.26  per  short  ton  in  1917,  and  is 
understood  to  have  been  somewhat  higher  in  1918,  although  the 
exact  jBgure  is  not  at  hand.  For  the  years  following  the  war  the 
mean  rate  on  these  two  commodities  may  reasonably  be  considered 
$1.80  per  short  ton.  Using  this  figure,  the  loss  due  to  a  lake  lowering  of 
one-tenth  of  a  foot  is  23X$1.80=$41.40  for  each  trip  of  a  vessel. 

The  number  of  vessels  in  the  fleet  and  their  total  capacity  is  not 
known  nor  is  the  number  of  loaded  trips.  The  maximum  cargoes 
carried  are  about  2,600  tons.  It  is  probable  that  the  average  does 
not  exceed  2,200  tons. 

Adopting  this  figure,  the  loss  due  to  one-tenth  of  a  foot  lowering 
of  lake  level  is  $41.40  for  each  2,200  short  tons  of  freirfit  movec^ 
or  about  $70,000  for  the  total  freight  moved  per  year.  This  is  the 
loss  to  ships  using  the  St.  Lawrence  canals  caused  by  a  lowering  of 
one-tenth  of  a  foot  at  any  of  the  locks  of  those  canals. 

Table  No.  47.  Section  Gl,  shows  the  total  lowering  of  each  lake 
caused  by  all  tne  existing  diversions.  At  mean  stage  the  lowering 
is  0.47  foot  on  Lakes  Michigan  and  Huron,  0.76  onXake  Erie,  and 
0.62  at  Lock  No.  25  on  the  St.  Lawrence  Kiver.  If  the  whole  bulk 
freight  traffic  of  the  upper  lakes  entered  Lake  Erie  the  annual  loss 
caused  by  the  lowering  would  be  7.6X590,000=$4,484,000.  As 
a  matter  of  fact,  only  about  88  per  cent  of  the  total  traffic  uses  this 
lake  and  the  loss  to  it  is  0.88X4,484,00O==$3,946,000.  The  loss  to 
the  remaining  12  per  cent  on  Lakes  Michigan  and  Huron  is  0.12X 
4.7X590,000=$333,000.  The  loss  to  the  traffic  of  the  St.  Lawrence 
canals  is  6.2X70,000=$434,000.  The  total  loss  is  the  sum  of  those 
three  amounts,  or  $4,713,000  per  year. 

The  lowering  at  Lock  25  of  the  St.  Lawrence  canals  is  greater 
than  has  been  observed  at  any  other  point  along  that  part  of  the 
St.  Lawrence  River  bordering  upon  the  United  States,  and  this 
lowering  has  been  used  in  the  above  computation.  It  is  credibly 
reported  that  the  lowering  is  ^eater  in  the  purely  Canadian  por- 
tions of  the  river.  If  the  Towering  said  to  occur  at  Montreal  is  con- 
sidered, the  total  loss  will  be  increased  from  $4,713,000  to  $4,758,000 
per  year. 

Table  No.  48,  Section  G3,  shows  the  lowering  that  would  be  caused 
if  all  the  diversions  now  contemplated  should  be  added  to  those 
already  existing.  The  amount  is  0.76  foot  for  Lakes  Michigan  and 
Huron,  1.27  for  Lake  Erie,  and  0.99  for  Lock  25,  St.  Lawrence  canals. 
Computing  the  amount  of  this  loss  in  the  same  manner  as  above 

S'ves  a  total  of  $7,825,000  per  year.     If  the  reported  lowering:  at 
ontreal  is  adopted  the  amount  is  $7,913,000  per  vear.    Capitalized 
at  5  per  cent  this  represents  an  investment  loss  or  $158,260,000. 

It  is  of  interest  to  compute  separately  the  effect  of  the  Chicago 
diversion.  The  present  diversion  of  8,800  cubic  feet  per  second 
through  the  sanitary  canal  lowers  Lakes  Michigan  and  Huron  0.43 
foot;  Lake  Erie,  0.41  foot;  and  Lock  25,  0.62  foot.  The  total  loss 
to  shipping  is  $2,866,000  per  year;  this  is  $326  per  year  for  each 
cubic  foot  per  second  diverted  or  $332  if  the  Montreal  figure  is  used. 
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The  power  diversions  at  Niaeara  Falls,  which  are  taken  from  the 
Chippawa-Grass  Island  pool,  lower  the  upper  laiee.  An  effective 
diversion  of  23,000  cubic  feet  per  second  lowers  Lakes  Michigan 
and  Huron  0.01  foot;  Lake  Erie.  0.10;  and  Lock  No.  25,  none.  This 
amounts  to  a  loss  of  $526,000  per  year,  or  $23  per  year  for  each  cubic 
foot  per  second  diverted. 

In  order  that  the  magnitude  and  importance  of  the  freight  traffic 
of  the  Great  Lakes  may  be  better  realized,  table  No.  65Tiaa  been 
prepared.  This  is  a  comparison  of  the  total  net  register  tonnage  of 
ships  entering  and  leaving  the  important  ports  of  the  world  in  the 
most  recent  year  for  which  figures  are  at  hand  and  also  the  total 
passing  through  the  most  important  waterways.  Figures  for  the 
Great  Lakes  are  from  the  Chief  of  Engineer's  Report  for  1918,  and  the 
others  are  from  the  World  Almanac  for  1919. 

T4BLE  No.  55.^.Vef!  repiitered  tonnage  entered  and  cleared  from  importmU 
porlt  or  pasHnp  through  important  Katencai/i  in  mo»t  recent  year  for  which 
stati»tic»  are  published. 
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'  Ports  and  waterways  are  on  the  Great  Lakea. 

From  this  it  appears  that  the  Detroit  Itiver  is  the  most  used  wa- 
terway in  the  world,  while  the  ship  canals  at  the  Sault  are  a  close 
second.  Either  of  these  carries  three  and  one-half  times  as  much 
frei^t  in  the  open  season  of  about  eight  and  one-half  months  as 
the  Panama  and  Suez  Canals  together  carry  in  a  full  year.  Duluth 
leads  the  ports  of  the  world  by  a  decided  margin,  and  10  out  of  the 
40  leading  ports  are  on  the  Great  Lakes.  This  is  the  more  remark- 
able as  aU  of  the  other  ports  are  ice- free  throughout  the  year,  while 
(he  Great  Lakes'  commerce  is  almost  completely  stopped  for  nearly 
a  third  of  each  year. 

It  should  be  emphasized  that  the  Great  Lakes  waterway  is  a  na- 
tional asset  which  benefits  all  parts  of  the  country.  The  annual  sav- 
ing in  freight  rates  due  to  the  use  of  lake  vessels  in  place  of  rail- 
roads excels  a  quarter  of  a  billion  dollars.  The  international  su- 
premacy of  the  United  States  in  the  iron  and  steel  trade  is  based  en- 
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tirely  on  this  waterway.  No  part  of  the  world  produces  iron  ore 
in  such  quantities  or  so  cheaply  sts  the  northern  parts  of  Michigan, 
Wisconsin,  and  Minnesota.  The  great  coal  deposits  of  Pennsylvania 
and  West  Virginia  offer  unequaled  supplies  of  fuel.  The  great  ad- 
vantage which  these  facts  offer  for  the  production  of  steel  is  handi- 
capped by  the  great  distance,  nearly  1,000  miles,  that  separates  the 
ore  from  the  luel.  That,  in  spite  of  this  handicap,  the  United 
States  has  become  the  greatest  and  cheapest  producer  of  steel  is  due 
very  largely  to  the  fact  that  the  development  of  the  bulk  freighter  of 
the  Great  Lakes  has  linked  the  iron  mines  with  the  coal  supply  by 
a  system  of  transportation  whose  cheapness  is  not  even  approached 
by  that  of  any  other  route.  Millions  of  'tons  of  freight  hiave  been 
transported  at  rates  as  low  as  five-hundredths  of  a  cent  per  ton-mile. 
Eailroad  rates  on  similar  traffic  have  rarely  been  as  low  as  three- 
tenths  of  a  cent  per  ton-mile,  which  is  six  tunes  the  lake  rate.  The 
magnitude  of  this  industry  may  be  judged  by  the  fact  that  the  total 
shipment  of  ore  in  lake  vessels  since  1855  amounts  to  over  three 
quarters  of  a  billion  long  tons.  The  record  year  was  1916,  in  which 
over  64,000,000  long  tons  were  carried.  Since  that  year  the  yearly 
movement  has  not  fallen  below  60,000,000  long  tons. 

This  is  a  condition  from  which  the  whole  country  benefits.  The 
steel  produced  from  this  ore  is  used  in  every  part  of  the  United 
States  and  forms  a  part  of  almost  every  tool  oi  our  civilization  from 
the  needle  to  the  locomotive.  It  is  generally  recognized  that  the 
volume  of  the  steel  trade  is  the  best  index  of  the  prosperity  of  the 
country. 

The  grain  and  coal  traffic  of  the  Great  Lakes  is  less  in  magnitude 
than  the  ore  traffic,  but  is  nevertheless  of  very  great  importance.  The 
grain  movement  varies  from  200,000,000  to  over  400,000,000  bushels 
per  annum.  This  grain,  about  70  per  cent  of  which  is  wheat,  comeS 
from  the  grain-raising  States  of  the  Middle  West  and  Northwest  and 
from  the  western  Provinces  of  Canada.  It  forms  a  very  important 
part  of  the  food  supply  of  the  eastern  and  southeastern  parts  of  the 
United  States  and  the  eastern  parts  of  Canada,  while  a  considerable 
proportion  of  it  ultimately  goes  to  Europe.  The  freight  rates  are  ex- 
tremely low,  the  prewar  rate  from  Duluth  to  Buffalo  being  less  than 
five-hundredths  of  a  cent  per  ton-mile,  while  the  rate  for  1918  was  only 
two-tenths  of  a  cent  per  ton-mile.  The  Great  Lakes  thus  form  a  very 
important  factor  in  the  distribution  of  the  bread  supply,  their  service 
being  a  benefit  both  to  the  western  farmer  and  the  eststem  and  south- 
ern consumer. 

Of  the  coal  production  of  the  United  States,  more  than  two-thirds 
comes  from  West  Virginia,  Pennsylvania,  Ohio,  Indiana,  and  Illinois. 
Practically  none  is  produced  from  the  great  region  west  of  the  Great 
Lakes  and  north  of  the  Missouri  River,  and  a  large  part  of  the  fuel 
supply  for  these  regions  is  shipped  by  way  of  the  Great  Lakes. 
Canada  is  also  largely  dependent  upon  the  United  States  for  coal,  and 
there  is  a  considerable  movement  of  coal  by  water  to  Canadian  ports 
on  Lakes  Superior,  Erie,  and  Ontario,  while  over  1,000,000  tons  per 
year  are  shipped  to  Montreal  from  American  ports  on  Lake  Ontario. 
About  one-quarter  of  a  million  tons  are  shipped  down  the  St.  Lawrence 
for  distribution  to  northern  New  York  and  New  England.  The  total 
shipments  of  coal  by  lake  average  about  30,000,000  tons  per  annum. 
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Coal  shipped  from  Lake  Erie  to  Lake  Superior  gets  a  remarkably 
low  rate,  as  it  goes  in  vessels  which  would  otherwise  have  to  return 
in  ballast  for  their  next  cargo  of  ore.  In  1914  shipments  from  Buffalo, 
amounting  to  over  4,000,000  tons,  paid  an  average  rate  of  0.0329  cent 
per  ton-mile,  which  is  probably  a  record  for  the  cheap  movement  of 
ireight.    Even  in  1918  the  rate  was  only  0.0555  cent  per  ton-mile. 

Coal  is  as  necessary  to  modem  industry  as  is  steel,  and  in  these 
northern  latitudes  it  is  as  much  a  necessity  of  life  as  wheat.  A  very 
hirge  part  of  the  northern  United  States  and  more  than  half  of  Canada 
depends  upon  the  lake  trade  for  coal.  This  coal  could  not  be  carried 
by  rail  without  a  great  increase  in  railroad  equipment^and  then  only 
at  a  much  higher  rate.  Anthracite  coal  delivered  at  Duluth  by  rail 
would  probaoly  cost  $3  or  $4  per  ton  more  than  if  carried  by  water. 

2.   EFFECT  UPON  RIPARIAN  INTERESTS. 

The  shore  line  of  the  Great  Lakes  and  their  connecting  channels  is 
more  than  8,300  miles  in  length.  Over  the  greater  part  of  this  dis- 
tance the  shore  has  the  following  characteristics :  A  sloping  "  beach  " 
extends  from  some  distance  below  the  low- water  mark  to  above  ordi- 
nary high  water.  This  beach  may  consist  of  sand,  gravel,  bowlders, 
or  even  of  ledge  rock.  Behind  it,  in  most  places,  is  a  sort  of  mound 
or  barrier  composed  of  material  cast  up  by  the  greatest  storms.  If 
this  material  is  sand  it  may  be  built  up  by  the  winds  into  dimes  sev- 
eral hundred  feet  in  height.  Behind  the  mound  the  natural  upland 
country  is  found,  be  it  forest,  arable  land,  or  marsh. 

A  lowering  or  raising  of  the  lake  level  along  most  of  these  shores 
has  no  effect  whatever  on  the  value  of  this  land.  It  merely  moves  the 
water  line  a  few  feet  up  or  down  the  beach,  covering  or  uncovering  a 
little  of  the  valueless  sand  or  gravel.  If  the  level  is  lowered  the  land- 
owner's holding  of  dry  land  is  increased  a  trifle  but  he  is  none  the 
richer  therebjr.  No  marketable  grass  or  other  crop  will  grow  upon 
the  barren  strip  thus  exposed.  He  can  build  no  permanent  structure 
on  it  for,  whether  the  stage  be  high  or  low,  the  greatest  storms  will 
hurl  their  destructive  waves  clear  across  the  beach  to  the  barrier  in 
the  rear.  If  the  level  is  raised  the  owner  looses  a  few  square  feet  of 
land,  but  it  is  land  which  was  of  no  value  to  him  and  he  is  none  the 
poorer. 

The  above  statements  hold  true  over  by  far  the  greater  part  of  the 
shore  line  of  the  Great  Lakes,  but  there  are  places  where  changes  in 
the  level  of  the  lakes  are  a  matter  of  interest  to  the  riparian  owners. 
In  places  marshy  lands  adjoin  the  lakes  or  their  tributaries,  and  the 
value  is  increased  by  low  stages  of  the  lakes.  The  land  in  the  delta 
of  the  St.  Clair  Eiver  is  a  tvpical  example.  Here  are  many  square 
miles  of  low,  wet  land  on  which  grows  a  heavy  crop  of  coarse,  wild 

frasses.  In  wet  seasons  when  Lake  St.  Clair  is  high  these  can  not  be 
anested,  but  if  the  lake  level  is  low  the  marsti  dries  out  enough 
to  carry  the  weight  of  men  and  horses  and  a  considerable  quantity  of 
what  is  known  as  "  marsh  hay  "  is  gathered.  This  is  not  suitable  for 
stock  feed  but  has  a  small  market  value,  being  used  largely  as  a  pack- 
ing material. 

Large  areas  of  land  such  as  this  are  found  around  Saginaw  Bay 
on  Lake  Huron,  and  around  Maiimee  Bay  on  Lake  Erie.     Some 
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is  also  found  on  the  south  shore  of  Lake  Ontario  and  the  east  shore 
of  Lake  Michigan,  and  there  is  a  very  little  on  Lake  Superior. 
Although  this  land  amounts  to  a  good  many  square  miles,  the 
increase  of  value  at  low  stages  amounts  to  very  little,  as  the  crop 
brings  a  verv  low  price  which  barely  pays  for  harvesting  it  and 
over  much  or  this  area  marsh  hay  is  not  gathered  at  all. 

Wherever  land  of  this  type  is  found  there  is  usually  a  small  area 
of  land  of  a  much  more  valuable  nature.  This  is  rich,  black  muck 
which  can  be  used  to  raise  celery  and  other  valuable  truck  in  seasons 
of  low  water,  but  is  too  wet  for  successful  culture  in  other  years.  A 
low  stage  of  water  is  a  very  valuable  asset  to  the  owner  of  land  of 
this  type.  The  total  amount  of  such  land  is  small.  The  most 
important  examples  are  at  Irondequoit  Bay  on  Lake  Ontario  and 
in  some  of  the  harbors  on  the  east  shore  or  Lake  Michigan. 

Along  the  tributary  and  connecting  rivers  and  the  sheltered 
inlets  of  the  Great  Lakes  the  owner  of  the  riparian  lands  is  usually 
benefited  by  moderately  high  stages  of  water.  In  such  places 
nearly  every  riparian  owner  has  a  boat  of  some  sort,  and  small 
docks,  boat  houses,  dredged  slips,  and  similar  structures  are  found 
in  great  abundance.  These  are  usually  built  to  suit  the  prevailing 
stages  and  lose  a  great  deal  of  their  value  if  the  level  falls  to  a  lower 
stage.  In  summer-resort  districts,  such  as  the  Thousand  Idands  and 
the  St.  Clair  Flats,  hundreds  of  such  structures  are  t.o  be  found 
within  a  few  miles.  The  advantage  due  to  higher  stages  is  not  uni- 
versal even  in  such  instances ;  for  in  places  like  Buffalo,  along  Buf- 
falo Creek,  the  damage  from  floods  is  increased  and  sites  for  nouses 
are  made  less  dry  and  desirable. 

It  has  been  the  general  experience  of  the  War  Department  that 
years  of  abnormally  high  water  cause  but  little  comment,  but  that 
every  season  of  imusuafly  low  stage  brings  «,  great  number  of  com- 
plaints of  damages  done  and  requests  for  mformation  as  to  the  cause 
of  these  low  levels  and  the  possibilities  of  preventing  them. 

With  the  data  at  hand  it  is  impossible  to  evaluate  these  effects  in 
dollars  and  cents.  It  is  believed  thev  do  not  form  a  very  large  or 
important  factor  of  the  problem  of  lake  levels. 

3.   VALUE  TO   CHICAGO  OF  ITS  DIVERSION. 

There  are  no  impartial  studies  available  of  the  question  of  the 
value  to  Chicago  of  its  diversion. 

The  following  statements  are  taken  from  the  testimony  presented 
by  the  sanitary  district  in  the  case  of  United  States  v.  Sanitary  Dis- 
trict of  Chicago.  The  expert  witnesses  from  whose  testimony  this 
data  is  taken  were  men  of  eminence  in  their  several  professions  and 
their  testimony  bears  evidence  of  considerable  study.  It  must  be 
remembered,  however,  that  these  statements  were  entirely  of  an  ex 
parte  nature  and  intended  to  advance  the  cause  of  the  sanitary  dis- 
trict in  the  suit  in  which  they  were  presented. 

From  an  analysis  of  the  typhoid-fever  rate  for  the  13  years  pre- 
ceding the  opening  of  the  canal,  and  for  the  13  years  following,  it 
was  estimated  that  the  people  of  the  sanitary  district  were  benefited 
to  the  amount  of  $19,237,000  per  year  by  the  reduction  of  sickness 
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which  the  canal  had  effected.  The  average  diversion  during  these 
years  was  4,500  cubic  feet  per  second.  iKnce  the  benefits  received 
amounted  to  $4,270  per  annum  for  each  cubic  foot  per  second  of 
diversion.  This,  however,  is  hardly  a  measure  of  the  value  of  the 
diversion,  as  the  reduction  in  disease  could  have  been  accomplished 
in  some  other  manner. 

If  the  privilege  of  diverting  water  were  entirely  taken  away  from 
the  district,  the  work  on  the  main  canal,  including  the  power  house, 
would  lose  its  value  almost  completely.  The  work  on  the  Chicago 
Kiver  would  retain  part  of  its  value. 

The  value  of  the  intercepting  sewers,  pumping  stations,  etc.,  would 
not  be  much  impaired.  The  following  figures,  quoted  from  the  pub- 
lished record  of  the  evidence,  give  approximately  the  amount  of 
money  which  has  been  spent,  all  benent  of  which  would  be  lost  if 
the  diversion  permit  was  stopped : 

Right  of   way $9,700,000 

Constructioii  of  main  channels  and  controlling  works 19, 800, 000 

Joliet  project 1,  000, 000 

Interest,  damages,  general  overhead  (pro  rata  from  total  given  In 

report) 8,000,000 

Calumet  Sag  project 14. 300, 000 

Electrical   development 5, 300, 000 

Total 68,  TOO,  000 

If  the  diversion  of  water  were  forbidden  this  amount  of  expendi- 
ture would  become  useless.  Reduced  to  annual  charges  on  a  4J  per 
cent  interest  rate,  this  amounts  practically  to  $2,500,000. 

In  addition  the  sanitary  district  would  lose  the  21,000  horsepower 
now  generated  at  Lockport  and  the  3,350  horsepower  generated  at 
Joliet.  This  power  would  thereafter  have  to  be  generated  by  steam. 
The  increased  cost  might  well  be  $20  per  horsepower  per  year,  or 
about  $500,000  per  year. 

This  makes  the  total  loss  due  to  the  cutting  off  of  the  present  diver- 
sion $3,000,000  per  vear.  To  this  must  be  added  the  cost  of  so  puri- 
fying the  sewage  oi  the  district  that  it  can  safely  be  discharged  into 
the  lake  and  of  filtering  the  water  supply  of  the  whole  district.  None 
of  the  witnesses  testified  directly  on  this  matter,  but  their  testimony 
furnishes  a  basis  for  a  rough  estimate. 

One  witness  outlined  a  plan  for  the  treatment  of  the  sewage  of 
1^00,000  people  residing  in  the  Calumet  division  of  the  district  so 
that  it  would  be  fit  to  be  discharged  into  Lake  Michigan.  His  esti- 
mate of  the  construction  cost  was  $9,257,500  and  of  the  annual  cost 
of  operation  $419,000.  If  interest  on  the  cost  of  construction  is  as- 
sumed at  4J  per  cent,  and  depreciation  at  2  per  cent,  the  total  annual 
cost  will  be  $997^000,  or  $0.83  per  capita.  As  the  population  of  the 
sanitary  district  is  2,764,000,  the  cost  of  sewage  treatment  at  the  same 
rate  would  be  $2,300,000  per  year. 

Another  witness  testified  tnat  the  cost  of  proper  water  filtration 
works  with  a  capacity  of  520,000,000  gallons  per  day  would  be  $13,- 
000,000,  and  the  cost  of  operation  $500,000  per  year.  Using  the  same 
allowances  as  above,  this  would  give  an  annual  cost  of  $2,530  per 
million  gallons  per  day.  For  the  present  consumption  of  about 
680,000,000  gallons  per  dav  the  annual  cost  would  be  about  $1,700,000. 
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Combininff  these  items  we  get  the  following  figures  for  the  annual 
loss  which  Chicago  would  suffer  by  being  deprived  of  the  use  of  lake 
water  through  the  sanitary  canal : 

Interest  on  abandoned  investment $2,500,000 

Loss  by  change  from  electric  power  to  steam 500,000 

Cost  of  sewage  treatment 2,  SOO.^WO 

Cost  of  water  filtration 1,700,000 

Total 7, 000, 000 

As  the  present  diversion  averages  about  8,800  cubic  feet  per  second, 
the  value  of  each  cubic  foot  per  second  maj-  be  taken  as  about  $8^)0 
per  year. 

The  sanitary  district  has  a  permit  from  the  Secretary  of  War  au- 
thorizing it  to  divert  4,167  cubic  feet  per  second  down  the  canal.  The 
State  law  under  which  it  operates  requires  it  to  dilute  the  untreated 
sewage  at  the  rate  of  3J  cubic  feet  per  second  for  each  1,000  of  tribu- 
tary population.  Most  sanitary  engineers  agree  that  this  is  a  reason- 
able requirement.  Under  this  law  the  required  diversion  for  the 
present  population  would  be  about  8,600  cubic  feet  per  second.  If 
the  limits  of  the  permit  were  strictly  enforced  the  sanitary  district 
would  probably  find  it  best  to  treat  its  sewage  in  such  a  manner  that 
the  dilution  eflfected  by  4,167  cubic  feet  per  second  would  be  sufficient. 
Preliminary  estimates  of  the  cost  of  such  a  procedure  have  been  made 
by  the  engineers  of  the  district  and  are  published  in  the  record  of  the 
testimony  of  the  case  of  United  States  v.  Sanitary  District  of  Chi- 
cago.   Table  No.  56  is  based  upon  this  testimony. 

Table  No.  56. — Estimate  of  value  to  Chicago  of  its  diversion. 


Item. 


DDatian  required  hv  State  law,  cubic  feet  per  second 

Cost  of  disposal  bv  legal  dilation,  capitalized  at  4}  per  cent 

Cost  if  treated  and  diluted  by  4,167  cubic  feet  per  second 

Difference  in  capitalized  cost 

Difference  per  year 

Difference  per  cubic  foot  per  second  per  year 


Population  to  be  served. 


3,000,000 


10^000 

i62,82&600 

$250, 577;  871 

$196,762,271 

$8>a6(^ 


3,000,000 


12,000 

$77,720,070 

$296^206,700 

$218,487,370 

$9,280^000 

$773 


4,200,000 


14,000 

$8O,213»00O 

$333,006,400 

$382,812,500 

$10,740,000 


It  will  be  observed  that  these  figures  for  the  yearly  value  of  a 
diversion  of  1  cubic  foot  per  second  are  fairly  comparable  to  the 
value  of  $800  derived  from  somewhat  different  premises. 

These  values  can  not  be  given  too  great  confidence.  The  evidence 
on  which  they  are  based  was  presented  with  the  desire  to  prove  that 
the  value  of  the  diversion  was  very  great.  The  ex  parte  nature  of 
this  data  should  be  kept  in  mind.  On  the  other  hand,  it  must  be  re- 
membered that  these  costs  are  based  on  the  prices  of  materials  and 
labor  as  they  existed  seven  or  eight  years  ago,  since  which  time  the 
cost  of  many  of  the  items  involved  has  more  than  doubled. 

4.   VALUE  TO  PUBLIC  OF  EFFECT  ON  POWER  PRODUCTION. 

In  Section  F  of  this  report  it  has  been  shown  that  the  diversion  of 
20.000  cubic  feet  per  second  from  the  Niagara  Eiver  on  the  American 
side  as  authorized  by  the  present  treaty  is  sufficient  to  operate  a 
power  development  with  a  capacity  of  nearly  600,000  horsepower. 
The  value  of  this  diversion  to  the  public  is  the  difference  between  the 
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selling  price  of  this  power  and  the  selling  price  of  the  same  power 
if  it  were  developed  in  a  steam  plant  without  the  diversion  of  any 
water.    An  attempt  to  estimate  this  value  will  now  be  made. 

The  three  best  plans  for  using  this  diversion  are  those  which  have 
been  entitled  the  "canal  project,"  the  "pressure-tunnel  project," 
and  the  "  compound  two-stage  project."  The  power  output  and  costs 
of  these  three  do  not  vary  greatly  and  accordinglv  the  mean  of  the 
figures  given  for  these  three  projects  in  Section  F-10  will  be  used. 
The  construction  costs  given  in  Section  F-10  do  not  include  "de- 
velopment expense"  or  "original  overhead  expense,"  accordingly 
this  cost  has  been  increased  10  per  cent  to  cover  these  items.  The 
assumption  that  the  growth  of  the  electrochemical  industries  would 
bring  the  load  factor  up  to  90  per  cent  has  been  made  as  in  Section 
F-10.  The  costs  of  producing  power  given  in  that  section  did  not 
include  any  profit  to  the  company.  The  selling  price  of  power  will 
be  fixed  by  some  regulative  commission  and  will  certainly  allow 
siich  a  profit.  The  amount  of  3  per  cent  of  the  cost  of  the  plant  has 
therefore  been  added  to  cover  this  item. 

For  computing  the  cost  of  developing  this  amount  of  power  by 
steam,  detailed  costs  were  obtained  from  two  of  the  largest  compa- 
nies in  the  Great  Lakes  district  which  generate  electricity  in  tnis 
manner.  The  means  of  the  various  items  given  by  the  two  companies 
was  adopted  except  that  the  fixed  charges  were  increased  by  60  per 
cent  because  it  was  estimated  that  the  cost  of  building  a  plant  to- 
day would  be  that  much  more  than  the  cost  of  building  the  plants 
considered. 

Table  No.  57  gives  a  comparison  of  the  cost  of  steam-electric  power 
with  Niagara  power. 

Table  No.  57. — Comparative  costs  of  steam  and  hydraulic  power  at  Niagara 

Falls,  N.  y. 


Cost  per  horsepower 
year. 


Item. 


NiagftTA. 


Coal-«  tone,  at  $4.50 

Other  operation  and  maintenance  ex  peaise 

Fixed  charges  (10  per  cent  on  Niagara  power,  13  per  cent  for  steam-electric) 
Profit,  3  per  cent  of  constniction  cost 

Selling  price  of  power 

Selling  price  reduced  to  cents  per  kilowatt  hour 


These  are  prices  for  very  large  amounts  of  untransformed  power 
sold  at  the  power-house  switchboard  at  generator  voltage  with  a  load 
factor  of  90  per  cent.  The  cost  of  transformation,  transmission  and 
distribution,  as  well  as  advertising  and  selling  costs,  must  be  added 
to  these  figures  to  get  the  price  actually  to  be  paid  by  the  coiir:umer. 
These  will  vary  from  a  few  tenths  of  a  cent  to  10  or  15  cents  per  kilo- 
watt hour,  depending  upon  the  nature  of  the  customer's  demand,  but 
there  is  no  reason  why  these  items  should  not  be  substantially  equal 
for  steam  or  hydraulic  power.  The  comparison  can  therefore  be 
made  directly  from  the  figures  in  this  table. 
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The  saving  due  to  the  use  of  Niagara  power  instead  of  steam  is 
$31.20  per  horsepower  year.  The  diversion  of  20,000  cubic  feet  per 
second  produces  526,000  horsepower  (mean  of  the  three  projects). 
Then  the  total  saving  is  $16,410,000  per  year,  or  $820  per  cubic  foot 
per  second  per  year. 

This  is  the  value  that  the  American  diversion  at  Niagara  would 
have  if  the  full  treaty  amount  of  20,000  cubic  feet  per  second  were 
used  in  the  manner  proposed  in  Section  F.  The  value  of  the  present 
diversion  as  now  used  is.  of  course,  somewhat  less.  In  spite  of  the 
fact  that  the  efficiency  or  the  present  plants  is  less  than  that  of  the 

Slants  proposed,  the  cost  of  producing  power  is  also  less.  This  is 
ecause  the  present  plants  develop  only  the  easiest  and  cheapest  part 
of  the  total  head,  and  because  they  were  built  very  much  more 
cheaply  than  present  prices  would  permit.  It  is  estimated  that  the 
selling  price  corresponding  to  those  given  above  would  be  about 
$13  per  horsepower  year,  xhe  saving  over  the  use  of  steam  power 
would  then  be  $37.70  per  horsepower  year.  The  present  diversion 
is  about  17,560  cubic  leet  per  second.  This  produces  about  247.000 
horsepower.  Hence  the  saving  is  $9,310,000  per  year,  or  $530  per 
cubic  foot  per  second  per  year. 

Data  for  the  Canadian  plants  is  not  available,  but  it  is  believed 
that  no  great  error  will  be  intoduced  if  $500  is  adopted  as  the  average 
for  all  tne  plants  at  Niagara.  As  the  total  diversion  is  about  50,886 
cubic  feet  per  second,  the  total  saving  due  to  the  diversion  of  water 
at  Niagara  is,  in  round  numbers,  $25,000,000  per  year. 

These  figures  represent  the  actual  saving  in  money  effected.  There 
are  other  intangible  benefits  received  by  the  public.  One  of  these  is 
the  saving  in  coal.  It  is  well  known  that  the  available  supply  of 
coal  is  limited  and  must  ultimately  be  exhausted.  Also  at  present 
the  capacity  of  the  coal  mining  and  distributing  system  is  scarcely 
sufficient  to  supply  the  demand  for  this  fuel.  A  year  and  a  half  ago 
it  proved  for  a  time  quite  insufficient.  If  the  power  used  at  Niagara 
were  produced  from  coal  the  annual  consumption  would  be  increased 
by  nearly  four  million  tons,  which  would  cause  an  appreciable  in- 
crease in  the  rate  of  exhaustion  of  the  coal  supply,  and  in  the  diffi- 
culties of  mining  and  distributing  the  annual  output  of  the  mines. 
If  the  Niagara  diversion  were  cut  off  the  building  of  steam  stations 
could  replace  the  power,  but  only  at  a  much  higher  price.  The  money 
loss  would  not  be  the  only  one.  The  public  has  been  greatly  benefited 
by  the  cheapness  of  Niagara  power  as  well  as  bj  its  quantity.  The 
low  price  at  which  this  power  is  available  has  stimulated  the  electro- 
chemical industries  and  made  possible  the  development  of  new  prod- 
ucts. Many  of  the  products  made  at  the  Falls  would  not  be  pro- 
duced at  all  if  power  were  not  to  be  had  at  this  very  low  price. 
These  products  proved  invaluable  during  the  war. 

At  Massena,  Lockport,  111.,  and  other  places  where  the  water  of 
the  Great  Lakes  is  diverted  for  power  development  the  saving  in 
money  and  in  intangible  items  is  similar  in  nature,  but  less  in 
amount  than  at  Niagara  Falls.  The  data  for  an  estimate  are  not  at 
hand.  It  has  been  stated  that  the  value  of  the  water  used  for  power 
by  the  Sanitary  District  of  Chicago  at  Lockport  is  $70  per  cubic 
foot  per  second  per  year.  The  weight  to  be  given  to  this  estimate 
is  not  known. 

W.  S.  Richmond. 


Appendix  G. 

INTERNATIONAL  AND  INTERSTATE  MATTERvS 

INVOLVED. 


[Section  I  of  Mr.  Richmond*!  report] 

I.   INTERNATIONAL  MA1TE8S  INVOLTED. 

Historical. — ^Previous  to  the  appointment  of  the  International 
Waterways  Commission  there  was  no  international  supen-ision  of  the 
use  of  the  waters  of  the  Great  Lakes.  In  each  country  such  works 
were  built  and  such  water  diverted  as  was  desired.  Most  of  these  uses 
were  small,  and  no  serious  objections  were  raised,  the  effects  on  the 
other  country  being  trifling  in  each  case.  The  building  of  the 
Canadian  canals  in  the  St.  Lawrence  Kiver  caused  decided  changes 
along  that  stream,  but  at  the  time  American  interests  on  the  river 
were  very  small  and  no  protest  was  made.  In  the  same  way  the  de- 
velopment of  waterpower  at  Waddington  and  Massina  attracted  little 
attention  in  Canada.  The  building  of  the  north  cut  at  the  head  of 
the  Galop  Canal  aroused  considerable  talk  on  both  sides  of  the  Lake 
Ontario  through  fear  that  it  would  cause  serious  lowering  of  that 
lake.  Later  the  building  of  the  Gut  Dam  required  the  permission  of 
the  United  States  because  part  of  it  was  located  on  this  side  of  the 
boundary.  None  of  these  events  led  to  the  institution  of  any  per- 
manent policy  of  control  of  international  waters. 

The  same  is  true  of  the  early  small  power  developments  at  Niagara 
and  on  the  Welland  Canal,  and  of  the  building  and  enlarging  of  the 
Welland  and  Erie  Canals  and  of  the  ship  canals  on  the  St.  Marys 
River.  In  all  of  these  cases  the  damage  done  across  the  boundary 
line  was  small  and  usually  unnoticed. 

Between  1890  and  1905  this  state  of  affairs  was  radically  altered. 
The  construction  of  the  Chicago  Drainage  Canal,  and  of  the  large 
power  developments  at  Sault  Ste.  Marie  and  at  Niagara  Falls, 
aroused  public  interest  in  the  use  of  lake  waters,  while  the  occurrence 
of  unusually  low  lake  stages  in  the  early  nineties  alarmed  the  ship- 
ping interests.  Studies  of  the  relation  between  diversions  and  lake 
lowering  were  undertaken  by  the  Government.  The  agitation  led  to 
the  appointment  of  the  International  Waterways  Commission  in 
19^,  and  resulted  ultimately  in  the  negotiation  of  the  treaty  of  1910 
and  the  appointment  of  the  International  Joint  Commission. 

Ofin^al  principles  of  control  of  diversions, — In  the  joint  report  of 
the  International  Waterways  Commission,  dated  May  3, 1906,  six  gen- 
eral principles  were  laid  down  as  "  applicable  to  all  diverisons  or  uses 
of  waters  adjacent  to  the  international  boundary,  and  of  all  streams 
which  flow  across  the  boundary.''  Principles  Nos.  4  and  5  apply  only 
to  streams  crossing  the  boundary  and  have  no  bearing  on  questions 
relating  to  the  Great  Lakes.     The  other  four  form  so  good  a  state- 
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ment  of  the  proper  principles  governing  the  use  of  the  waters  of  the 
Lakes  that  they  are  here  reproduced : 

1.  In  all  navigable  waters  the  use  for  navigation  purposes  Is  of  primary  an.! 
paramount  right.  The  Great  Lakes  system  on  the  boundary  between  the  Unite  1 
States  and  Canada,  and  finding  its  outlet  by  the  St.  Lawrence  to  the  sea,  shouM 
be  maintained  In  its  integrity. 

2.  Permanent  or  complete  diversions  of  navigable  waters  or  their  tributary 
streams  should  only  be  permitted  for  domestic  purposes  and  for  the  use  of  locks 
In  navigation  canals. 

3.  Diversions  can  be  permitted  of  a  temporary  character,  where  the  water  is 
taken  and  returned,  when  such  diversions  do  not  Interfere  in  any  way  with  the 
Interests  of  navigation.  In  such  cases  each  country  is  to  have  a  right  to  diver- 
sion in  equal  quantities. 

******  * 

6.  A  permanent  joint  commission  can  deal  much  more  satisfactorUy  with  the 
settlement  of  all  disputes  arising  as  to  the  application  of  these  principles,  and 
should  be  appointed. 

In  the  above  the  term  "  permanent  diversions  "  is  understood  to 
mean  diversions  of  water  from  the  Great  Lakes  system  to  some  other 
watershed  (e.  g.,  the  diversion  at  Chicago),  while  "diversions 
of  a  temporary  character"  is  taken  to  mean  diversions  of  water 
which  is  returned  to  the  Great  Lakes  system  (e.  g.,  the  diversions  at 
Niagara  Falls).  The  term  "domestic  purposes"'  is  understood  to 
cover  all  ordinary  sanitary  uses. 

One  more  principle  is  needed  to  make  a  complete  system  for  deal- 
ing with  diversions  from  the  Great  Lakes.  This  might  be  worded 
thus:  "Diversions  of  water  from  tributaries  of  the  Great  Lakes, 
unless  the  water  is  returned  to  the  same  tributary,  shall  be  considered 
as  diversions  from  the  Lakes." 

About  principle  1  there  has  been  no  real  dispute.  Even  where  the 
value  of  a  stream  as  a  water  power  is  much  greater  than  its  value  as 
a  highway  it  has  been  recognized  that  the  paramount  right  is  that 
of  navigation  and  that  water  power  developments  must  be  so  made 
as  not  to  hinder  navigation. 

Principle  2  declares  that  each  country  can  take  what  water  it  needs 
for  sanitary  and  navigation  purposes.  As  a  usual  thing  the  quantity 
required  for  such  uses  is  comparatively  small  and  the  effect  of  the 
diversion  upon  lakel  levels  is  nearly  or  quite  negligible.  In  case  the 
diversion  is  large,  as  at  Chicago,  the  proper  compensating  works 
should  be  provided.  The  most  important  diversions  now  made  for 
sanitary  or  navigation  purposes  are  those  of  the  Chicago  Sanitary 
CanaL  the  Welland  Canal,  and  the  New  York  State  Barge  Canal. 
The  Erie  and  Ontario  Sanitary  Canal  is  a  proposed  instance  of  this 
type,  and  the  time  may  come  when  similar  diversions  by  the  Canadian 
towns  on  the  south  shore  of  the  Niagara  Peninsula  may  deserve 
consideration. 

The  validity  of  principle  3  has  been  substantially  recognized  in 
the  settlement  of  the  question  of  power  diversion  at  Sault  Ste.  Marie. 
When  the  matter  of  large  scale  develoj)ment  of  the  water  power  of 
the  St.  Lawrence  Jftiver  is  taken  up,  this  principle  will  no  doubt  be 
applied  there. 

The  present  treaty  with  Great  Britain  does  not  apply  this  prin- 
ciple to  diversions  from  the  upper  Niagara  River,  but  allows  a  diver- 
sion of  36,000  cubic  feet  per  second  in  Canada  and  only  20,000  cubic 
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feet  per  second  in  the  United  States.  The  reason  for  this  inequality 
becomes  fully  apparent  upon  study  of  the  report  of  the  American 
members  of  the  International  Waterways  Commission-,  dated  March 
19, 1906.  This  report  formed  the  ground  work  for  the  Niagara  pro- 
visions of  the  treaty.  The  amount  to  be  diverted  on  the  Canadian 
side  was  fixed  at  36,000  cubic  feet  per  second  with  a  view  to  allowing 
the  companies  on  that  side  the  amounts  of  water  for  which  they  then 
had  works  under  construction.  Similarly  the  amount  allowed  on  the 
American  side  was  limited  to  20,000.  The  inequality  of  the  diversion 
was  recognized,  but  it  was  considered  better  to  preserve  the  Falls  by 
keeping  the  total  quantity  as  low  as  possible  without  causing  losses 
to  investors,  than  to  preserve  the  equality  of  diversions  at  the  expense 
of  the  Falls.  The  International  Waterways  Commission,  in  com- 
menting on  this  matter,  said : 

The  advantage  is  more  apparent  than  real,  since  the  power  generated  on  the 
Canadian  side  will,  to  a  large  extent,  be  transmitted  to  and  used  in  the  United 
States.    In  the  negotiation  of  a  treaty,  however,  the  point  should  be  considered. 

When  the  treaty  came  to  be  negotiated,  however,  this  matter  was 
not  included.  The  quantity  of  electric  energy  transmitted  into  the 
United  States  has  been  reduced  from  time  to  time  as  the  market  for 
power  was  built  up  in  Canada,  and  it  now  appears  to  be  a  matter  of 
comparatively  few  years  before  all  such  importation  will  be  cut  off. 
In  this  connection  tne  commission  classed  the  Chicago  diversion  and 
a  portion  of  the  Welland  diversion  with  the  Niagara  diversions.  The 
treatv  did  not  thus  group  these,  but  treated  the  Niagara  River  above 
the  P  alls  as  a  separate  entity. 

Diversions  for  sanitary  purposes,  like  that  at  Chicago,  were  not 
limited  nor  were  existing  diversions,  such  as  this  sanitary  diversion 
at  Chicago  or  the  power  diversion  of  the  Welland  Canal,  as  exist- 
ing at  the  time  of  the  ratification  of  the  treaty — to  be  considered 
when  making  further  equal  divisions  of  diversions.  It  is  also  to  be 
noted  that  the  diversions  at  Niagara,  which  were  recommended  to 
protect  investors,  were  all  planned  to  be  returned  to  the  river  at 
the  Maid  of  the  Mist  Pool,  just  below  the  Falls.  In  the  treaty, 
however,  the  point  of  return  was  not  limited.  Canada  thus  gained 
a  further  advantage  over  the  United  States,  apparently  not  contem- 
plated by  the  International  Waterways  Commission,  of  16,000  cubic 
feet  per  second  over  the  90- foot  heaa  of  the  Whirlpool  and  Lower 
Rapids. 

If  the  remedial  works,  described  in  Appendix  C  of  this  report,  are 
built  the  situation  will  be  completely  altered,  and  there  will  no 
longer  be  any  reason  for  an  unequal  division  of  diversions  for  power. 
Principle  3  should  then  be  applied  and  the  water  divided  equally 
between  the  two  countries. 

The  only  place  where  the  application  of  principle  3  leads  to  seri- 
ous difficulty  is  in  the  Niagara  Peninsula.  Here  more  than  3,000 
cubic  feet  per  second  is  diverted  down  the  Welland  Canal  for  use  in 
developing  power.  It  has  also  been  proposed  to  divert  water  through 
the  Grand  River,  across  the  divide,  to  some  point  on  Lake  Ontario, 
near  Hamilton.  While  a  diversion  of  the  same  nature  from  Lake 
Erie  to  Lake  Ontario  on  the  American  side  is  possible,  and  has  been 
urged  by  certain  parties,  it  is  not  an  economically  desirable  scheme. 
The  objections  to  it  have  been  treated  in  Section  C-8  of  this  report. 
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An  equal  division  of  the  divereion  here  would  give  the  United 
States  rights  which  it  could  not  properly  use. 

It  should  be  remembered  that  a  diversion  from  Lake  Erie  to  Lake 
Ontario  will  not  develop  quite  aB  much  power  as  aii  equal  diversion 
from  the  upper  to  the  lower  Niagara  River,  because  of  the  larger 
losses  in  canals  and  tunnels.  Furthermore,  the  adverse  effect  upon 
navigation  of  the  diversion  from  Lake  Erie  is  much  the  greater. 
For  this  reason  it  is  believed  that  power  diversion  from  Lake  Erie 
should  be  limited  strictly  to  that  now  existing  and  that  the  Ghrand 
River  and  the  Erie  and  Ontario  Sanitary  Canal  schemes  should  not 
be  permitted.  This  will  leave  to  Canada  a  small  advanta^  over  the 
strictly  equal  division  called  for  by  principle  3,  but  it  is  felt  that 
this  is  better  than  to  encourage  further  diversions  of  this  character 
or,  on  the  other  hand,  to  attempt  to  shut  off  long-existing  diversions 
where  much  capital  has  been  invested. 

Principle  6  has  been  accepted  by  both  countries,  and  the  Inter- 
national Joint  Commission  has  been  in  existence  for  severaJ  years. 

The  principle  that  diversions  from  tributaries  are  to  be  considered 
diversions  from  the  lakes  is  needed  in  the  interest  of  clearness.  This 
has  always  been  accepted  in  the  case  of  the  diversions  at  Chicago. 
Both  the  Federal  Government  and  the  sanitary  district  speak  of  the 
flow  measured  at  Lockport  as  being  the  diversion  from  Lake  Michi- 

fan.  As  a  matter  of  fact,  the  flow  so  measured,  is  partlv  diverted 
rom  Lake  Michigan  and  partly  from  the  various  brancnes  of  the 
Chicago  River — tributaries  of  the  lake.  The  effect  upon  lake  levels 
of  a  diversion  from  the  nver  is  exactly  the  same  as  the  effect  of  a 
diversion  from  the  lake.  In  this  case  the  diversion  from  the  lake 
itself  is  a  diversion  from  a  tributary  of  thft  boimdary  waters  for  the 
waters  of  Lake  Michigan  are  not  held-  to  be  boundary  waters. 

The  same  condition  exists  in  the  diversion  of  the  New  York  State 
Barge  Canal,  where  the  diversion  is  taken  partly  from  the  Niagara 
River  and  partly  from  Tonawanda  and  Ellicott  Creeks.  Here  the 
Niagara  River  is  a  boundary  stream,  and  Tonawanda  and  Ellicott 
Creeks  are  tributaries.  The  works  now  being  built  to  divert  water 
from  the  Calumet  River  and  from  Chippawa  Creek  will  bring  about 
similar  conditions  as  would  also  the  proposed  diversion  of  water 
from  the  Grand  River.  In  all  these  cases  it  is  believed  that  the 
adoption  of  the  new  principle  would  simplify  rather  than  compli- 
cate the  control  and  regulation  of  these  diversions,  whether  by  the 
Joint  Commission  or  by  the  Federal,  State,  or  Provisional  Govern- 
ments. 

Lake  levels. — Anything  affecting  lake  levels  is  obviously  an  inter- 
national affair,  for  in  no  case  can  the  levels  of  one  of  the  Lakes  be 
lowered  without  affecting  both  countries.  This  is  tme  even  of  Lake 
Michigan,  whose  waters  are  not  boundary  waters,  but  which  unites 
with  Lake  Huron  to  form  what  is  hydraulically  one  lake.  The  di- 
version of  water  by  the  Sanitar,y  District  of  Chicago  has  decreased 
the  available  draft  of  the  Canadian  ship  canals  and  locks  on  the  St. 
Lawrence  River.  The  diversion  of  the  Ontario  Power  Co.  has  re- 
duced the  navigable  depth  of  the  channels  approaching  the  Ameri- 
can ports  of  Tonawanda  and  Niagara  Falls.  Many  other  instances 
could  be  adduced  where  diversions  made  in  one  country  have  in- 
flicted damage  upon  the  other  country. 
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Compensating  works. — The  construction  and  maintenance  of  com- 
])ensating  works  is  another  matter  which  requires  international  ac- 
lion.  In  almost  any  case  where  works  on  a  large  scale  are  to  be  built 
Ihe  works  themselves  will  lie  on  both  sides  of  the  boundary.  The 
undesirable  conditions  which  they  are  intended  to  correct  exist  on 
both  sides  of  the  boundary.  Many  parts  of  the  Great  Lakes  system 
have  been  lowered  bv  a  number  of  different  diversions,  some  made 
in  the  United  States  and  some  in  Canada.  It  might  be  possible  to 
compensate  separately  with  works  in  each  country  for  each  separate 
etfect,  but  it  will  be  far  more  economical  and  satisfactory  if  as  few 
structures  as  practicable  be  used,  and  if  these  are  constructed  jointly 
by  the  two  Nations.  The  expense  involved  in  these  works  would 
equitably  be  apportioned  between  them  according  to  the  extent  of 
the  lowering  caused  by  each  party. 

Preservdtion  of  Niagara  Falls, — Another  matter  which  is  en- 
tirely of  an  international  character  is  the  preservation  of  the  scenic 
beauty  of  Niagara  Falls.  This  is  a  matter  of  equal  interest  to  the 
citizens  of  both  countries.  The  remedial  works  described  in  Appen- 
dix C  lie  on  both  sides  of  the  boundary,  and  international  coopera- 
tion is  necessary  for  their  construction.  If  the  plan  outlined  in 
Appendix  C  of  increasing  the  diversion  around  the  Falls  to  40,000 
cubic  feet  per  second  on  each  side  and  building  a  remedial  weir  is 
adopted,  it  is  believed  that  the  cost  should  be  equally  divided  be- 
tween the  two  Nations.  Further  discussion  of  this  matter  is  found 
in  Appendix  C. 

2.   TREATY  PROVISIONS. 

The  present  treaty, — In  its  report  of  May  3,  1906,  the  Interna- 
tional Waterways  Commission  recommended  that  a  treaty  be  nego- 
tiated between  the  United  States  and  Great  Britain,  limiting  the 
diversion  of  water  at  Niagara  Falls.  On  June  29,  1906,  the  Burton 
Act  was  approved.  Section  4  of  this  act  requested  the  President  to 
open  negotiations  with  Great  Britain  for  obtaining  such  a  treaty. 
After  some  delay  the  treaty  was  prepared,  and  it  was  signed  at 
Washington  January  11,  1909.  Having  been  duly  ratified  on  May 
5,  1910,  it  was  proclaimed  by  the  President  on  May  13  of  the  same 
vear. 

The  text  of  the  treatv  is  as  follows : 

Treaty  Series,  No.  548.  Treaty  Between  the  United  States  nnd  Great  Brit- 
ain.— ^Boundary  waters  between  the  United  States  and  Canada. 
Slpmed  at  Washington  January  11,  1909. 
Ratification  advised  by  the  Senate  March  3, 1909. 
Ratified  by  the  President  AprU  1,  1910. 
Ratified  by  Great  Britain  March  31.  1910. 
Ratifications  exchanged  at  Washington  May  5, 1910. 
Proclaimed  May  13,  1910. 

By  the  PBESn)ENT  OF  THE  UNITED  STATES  OF  AMERICA. 

A  PROCLAMATION. 

Whereas  a  treaty  between  the  United  States  of  America  and  His  Majesty 
the  King  of  the  United  Kingdom  of  Great  Britain  and  Ireland  and  of  the 
British  dominions  beyond  the  seas.  Emporor  of  India,  to  prevent  disputes  re- 
garding the  use  of  boundary  waters  and  to  settle  all  questions  which  are  now 
pending  between  the  United  States  and  the  Dominion  of  Canada  involving  tli« 
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rights,  obligations,  or  Interests  of  either  in  relation  to  the  other,  or  to  inhabi- 
tants of  the  other  along  their  common  frontier,  and  to  make  provision  for  the 
adjustment  and  settlement  of  all  such  questions  as  may  hereafter  arise,  was 
concluded  and  signed  by  their  respective  plenipotentiaries  at  Washington  on 
the  eleventh  day  of  January,  one  thousand  nine  hundred  and  nine,  the  original 
of  which  treaty  is,  word  for  word,  as  follows : 

The  Ignited  States  of  America  and  His  Majesty  the  King  of  the  United  King- 
dom of  Great  Britain  and  Ireland  and  of  the  British  dominions  beyond  the  seas. 
Emperor  of  India,  being  equally  desirous  to  prevent  disputes  regarding  the  use 
of  boundary  waters  and  to  settle  all  questions  which  are  now  pending  between 
the  United  States  and  the  Dominion  of  Canada  involving  the  rights,  obligations, 
or  interests  of  either  in  relation  to  the  other  or  to  the  inhabitants  of  the  other 
along  their  common  frontier,  and  to  make  provision  for  the  adjustment  and 
settlement  of  all  such  questions  as  may  hereafter  arise,  have  resolved  to  con- 
clude a  treaty  in  furtherance  of  these  ends,  and  for  that  purpose  have  appointed 
as  their  respective  plenipotentiaries : 

The  President  of  the  United  States  of  America,  Elihu  Root,  Secretary  of 
State  of  the  United  States ;  and 

His  Britannic  Majesl^,  the  Bight  Honorable  James  Bryce,  O.  M.,  his  am- 
bassador extraordinary  and  plenipotentiary  at  Washington. 

Who,  after  having  communicated  to  one  another  their  full  powers,  found  in 
good  and  due  form,  have  agreed  upon  the  following  articles : 

Pbeliminabt  Abticles. 

For  the  puiposes  of  this  treaty  boundary  waters  are  defined  as  the  waters 
from  main  shore  to  main  shore  of  the  lakes  and  rivers  and  connecting  water- 
ways or  the  portions  thereof,  along  which  the  International  boundary  between 
the  United  States  and  the  Dominion  of  Canada  passes,  including  all  bays,  arms, 
and  inlets  thereof,  but  not  including  tributary  waters  which  In  their  natural 
channels  would  flow  into  such  lakes,  rivers,  and  waterways,  or  waters  flowing 
from  such  lakes,  rivers,  and  waterways,  or  the  waters  of  rivers  flowing  across 
the  boundary. 

Abticia  I. 

The  High  Contracting  Parties  agree  that  the  navigation  of  all  navigable 
boundarj'  waters  shall  forever  continue  free  and  open  for  the  purposes  of  com- 
merce to  the  inhabitants  and  to  the  ships,  vessels,  and  boats  of  both  countries 
equally,  subject,  however,  to  any  laws  and  regulations  of  either  country,  within 
its  own  territory,  not  inconsistent  with  such  privilege  of  free  navigation  and 
applying  equally  and  without  discrimination  to  the  inhabitants,  ships,  vessels, 
and  boats  of  both  countries. 

It  is  further  agreed  that  so  long  as  this  treaty  shall  remain  in  force  this 
same  right  of  navigation  shall  extend  to  the  waters  of  Lake  Michigan  and  to  all 
canals  connecting  boundary  waters  and  now  existing  or  which  may  hereafter 
be  constructed  on  either  side  of  the  line.  Either  of  the  High  Contracting 
Parties  may  adopt  rules  and  regulations  governing  the  use  of  such  canals 
within  its  own  territory  and  may  charge  tolls  for  the  use  thereof,  but  all  such 
rules  and  regulations  and  all  tolls  charged  shall  apply  aUke  to  the  subjects  or 
citizens  of  the  High  Contracting  Parties  and  the  ships,  vessels,  and  boats  of 
both  of  the  High  Contracting  Parties,  and  they  shall  be  placed  on  terms  of 
equality  in  the  use  thereof. 

Aktici^  II. 

Each  of  the  High  Contracting  Parties  reserves  to  itself  or  to  the  several 
State  governments  on  the  one  side  and  the  Dominion  or  Provincial  Governments 
on  the  other,  as  the  ciise  may  be,  subject  to  any  treaty  provisions  now  existing 
with  respect  thereto,  the  exclusive  jurisdiction  and  control  over  the  use  and 
diversion,  whether  temporary  or  permiinent,  of  all  waters  on  its  own  side  of 
the  line  which  in  their  natural  channt^ls  would  flow  across  the  boundary  or  into 
boTiiKlary  waters;  but  it  Is  agreed  that  any  interference  with  or  diversion 
from  their  natural  chaimel  of  such  waters  on  either  side  of  the  boundary,  re- 
sultini;  in  any  injury  on  the  other  side  of  the  boundary,  shall  give  rise  to  the 
same  rights  and  entitle  the  injured  parties  to  the  same  legal  remedies  as  if 
such  injury  took  place  in  the  country  where  such  diversion  or  Interference 
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occurs;  but  this  provision  shall  not  apply  to  cases  already  existing  or  to  eases 
expressly  covered  by  special  agreement  between  the  Parties  hereto. 

It  Is  understood,  however,  that  neither  of  the  High  Contracting  Parties  in- 
tends by  the  foregoing  provision  to  surrender  any  right  which  it  may  have  to 
object  to  any  Interference  with  or  diversion  of  watera  on  the  other  side  of 
the  boundary,  the  effect  of  which  would  be  productive  of  material  injury  to  the 
liavlgation  interests  on  its  own  side  of  the  boundary. 

Article  III. 

It  Is  agreed  that,  in  addition  to  the  uses,  obstructions,  and  diversions  here- 
tofore permitted  or  hereafter  provided  for  by  si^edal  agreement  between  the 
Parties  hereto,  no  further  or  other  uses  or  obstructions  or  diversions,  whether 
Temporary  or  permanent,  of  boundary  waters  on  either  side  of  the  line,  affecting 
the  nntural  level  or  flow  of  boundary  waters  on  the  other  side  of  the  line, 
shall  be  made  except  by  authority  of  the  United  States  or  the  Dominion  of 
<_'anada  within  their  respective  jurisdiction  and  with  the  approval,  as  herein- 
jifter  provided,  of  a  joint  commission,  to  be  known  as  the  International  Joint 
Commission. 

The  foregoing  provisions  are  not  Intended  to  limit  or  interfere  with  the  ex- 
isting rights  of  the  Government  of  the  United  States  on  the  one  side  and  the 
Government  of  the  Dominion  of  Canada  on  the  other,  to  undertake  and  carry 
on  governmental  works  In  boundary  waters  for  the  deepening  of  channels,  the 
construction  of  breakwaters,  the  improvement  of  harbors,  and  other  govern- 
mental w^orks  for  the  benefit  of  commerce  and  navigation,  provided  that  such 
works  are  wholly  on  its  own  side  of  the  line  and  do  not  materially  affect  the 
level  or  flow  of  the  boundary  waters  on  the  other,  nor  are  such  provisions  In- 
tended to  Interfere  with  the  ordinary  use  of  such  waters  for  domestic  and 
sanitary  purposes. 

Article  IV. 

The  High  Contracting  Parties  agree  that,  except  in  cases  provided  for  by 
special  agreement  between  them,  they  will  not  permit  the  construction  or 
maintenance  on  their  respective  sides  of  the  boundary  of  any  remedial  or  pro- 
tective works  or  any  dams  or  other  obstructions  in  waters  flowing  from 
boundary  waters  or  In  waters  at  a  lower  level  than  the  boundary  in  rivers 
flowing  across  the  boundary,  the  effect  of  which  Is  to  raise  the  natural  level 
of  waters  on  the  other  side  of  the  boundary  unless  the  construction  or  mainte- 
nance thereof  is  approved  by  the  aforesaid  International  Joint  Commission. 

It  is  further  agreed  that  the  waters  herein  deflned  as  boundary  waters  and 
waters  flowing  across  the  boundary  shall  not  be  polluted  on  either  side  to  the 
injury  of  health  or  property  on  the  other. 

Article  V. 

The  High  Contracting  Parties  agree  that  It  Is  expedient  to  limit  the  diversion 
of  waters  from  the  Niagara  River  so  that  the  level  of  Lake  Erie  and  the  flow 
of  the  stream  shall  not  be  appreciably  affected.  It  Is  the  desire  of  both  Parties 
to  accomplish  this  object  with  the  least  possible  injury  to  investments  which 
have  already  been  made  In  the  construction  of  power  plants  on  the  United 
States  side  of  the  river  under  grants  of  authority  from  the  State  of  New  York, 
and  on  the  Canadian  side  of  the  river  under  licenses  authorized  by  the 
Dominion  of  Canada  and  the  Province  of  Ontario. 

So  long  as  this  treaty  shall  remain  in  force  no  diversion  of  the  waters  of  the 
Niagara  River  above  the  Falls  from  the  natural  course  and  stream  thereof  shall 
be  permitted  except  for  the  purposes  and  to  the  extent  hereinafter  provided. 

The  United  States  may  authorize  and  permit  the  diversion  within  the  State 
of  New  York  of  the  waters  of  said  river  above  the  Falls  of  Niagara,  for  power 
purposes,  not  exceeding  In  the  aggregate  a  daily  diversion  at  the  rate  of  twenty 
thousand  cubic  feet  of  water  per  second. 

The  United  Kingdom,  by  the  Dominion  of  Canada,  or  the  Province  of  On- 
tario, may  authorize  and  permit  the  diversion  within  the  Province  of  Ontario 
of  the  waters  of  said  river  above  the  Falls  of  Niagara,  for  power  puriwses, 
not  exceeding  In  the  aggregate  a  dally  diversion  at  the  rate  of  thirty-six 
thousand  cubic  feet  of  water  per  second. 
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The  prohibitions  of  this  article  shall  not  apply  to  the  diversion  of  water  for 
sanitary  or  domestic  purposes,  or  for  the  service  of  canals  for  the  purposes  of 
navigation. 

Abticle  VI. 

The  High  Contracting  Parties  agree  that  the  Saint  Mary  and  Milk  Rivers 
and  their  tributaries  (in  the  State  of  Montana  and  the  Provinces  of  Alberta 
and  Saskatchewan)  are  to  be  treated  as  one  stream  for  the  purposes  of  irriga- 
tion and  power,  and  the  waters  thereof  shall  be  apportioned  equally  between 
the  two  countries,  but  in  making  such  equal  apportionment,  more  than  half 
may  be  taken  from  one  river  and  less  than  half  from  the  other  by  either 
country  so  as  to  afford  a  more  beneficial  use  to  each.  It  is  further  agreed  that 
in  the  division  of  such  \vaters  during  the  irrigation  season,  between  the  1st  of 
April  and  31st  of  October,  inclusive,  annually,  the  United  States  is  entitled 
to  a  prior  appropriation  of  five  hundred  cubic  feet  per  second  of  the  waters 
of  the  Milk  River,  or  so  much  of  such  amount  as  constitutes  three-fourths  of 
its  natural  flow,  and  that  Canada  is  entitled  to  a  prior  appropriation  of  five 
hundred  cubic  feet  per  second  of  the  fiow  of  Saint  Mary  River,  or  so  much  of 
such  amount  as  constitutes  three-fourths  of  its  natural  fiow. 

The  channel  of  the  Milk  River  in  Canada  may  be  used  at  the  convenience 
of  the  United  States  for  the  conveyance,  while  passing  through  Canadian  terri- 
tory, of  waters  diverted  from  the  Saint  Mary  River.  The  provisions  of  Article 
II  of  this  treaty  shall  apply  to  any  injury  resulting  to  property  in  Canada 
from  the  conveyance  of  such  waters  through  the  Milk  River. 

The  measurement  and  apportionment  of  the  water  to  be  used  by  each 
country  shall  from  time  to  time  be  made  jointly  by  the  properly  constituted 
reclamation  officers  of  the  United  States  and  the  properly  constituted  irriga- 
tion officers  of  His  Majesty  under  the  direction  of  the  International  Joint 
Commission. 

Abticle  VII. 

The  High  Contracting  Parties  agree  to  establish  and  maintain  an  Interna- 
tional Joint  Commission  of  the  United  States  and  Canada,  composed  of  six 
commissioners,  three  on  the  part  of  the  United  States  appointed  by  the  Presi- 
dent thereof,  and  three  on  the  part  of  the  United  Kingdom  appointed  by  His 
Majesty  on  the  recommendation  of  the  Governor  in  Council  of  the  Dominion 
of  Canada. 

Article  VIII. 

This  International  Joint  Commission  shall  have  jurisdiction  over  and  Aall 
pass  upon  all  cases  involving  the  use  or  obstruction  or  diversion  of  the  waters 
with  respect  to  which,  under  Articles  III  and  IV  of  this  treaty,  the  approval 
of  this  commission  is  required,  and  in  passing  upon  such  cases  the  commissioD 
shall  be  governed  by  the  following  rules  or  principles  which  are  adopted  by  the 
High  Contracting  Parties  for  this  purpose : 

The  High  Contracting  Parties  shall  have,  each  on  its  own  side  of  the  boun- 
dary, equal  and  similar  rights  in  the  use  of  the  waters  hereinbefore  defined 
as  boundary  waters. 

The  following  order  of  precedence  shall  be  observed  among  the  various  uses 
enumerated  hereinafter  for  these  waters,  and  no  use  shall  be  permitted  which 
tends  materially  to  conflict  with  or  restrain  any  other  use  which  is  given 
preference  over  It  in  this  order  of  precedence : 

First.  Uses  for  domestic  and  sanitary  purposes. 

Second.  Uses  for  navigation,  Including  the  service  of  canals  for  the  purposes 
of  navigation. 

Third.  Uses  for  power  and  for  irrigation  purposes. 

The  foregoing  provisions  shall  not  apply  to  or  disturb  any  existing  uses  of 
boundary  waters  on  either  side  of  the  boundary. 

The  requirement  for  an  equal  division  may,  in  the  discretion  of  the  commis- 
sion, be  suspended  In  cases  of  temporary'  diversions  along  boundary  waters  at 
points  where  such  equal  division  can  not  be  made  advantageously  on  account 
of  local  conditions  and  where  such  diversion  does  not  diminish  elsewhere  the 
amount  available  for  use  on  the  other  side. 

The  commls-sion  in  its  discretion  may  make  Its  approval  in  any  case  condi- 
tional upon  the  construction  of  remedial  or  protective  works  to  compensate  so  far 
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!»8  iK^ssible  for  the  particular  use  or  diversion  proposed,  and  in  such  cases  may 
require  that  suitable  and  adequate  provision,  approved  by  the  commission,  be 
made  for  the  protection  and  Indemnity  against  injury  of  any  interests  on 
either  side  of  the  boundary. 

In  cases  involving  the  elevation  of  the  natural  level  of  waters  on  either  Ride 
of  the  line  as  a  result  of  the  construction  or  maintenance  on  the  other  side  of 
remedial  or  protective  works  or  dams  or  other  obstructions  in  boundary  waters 
or  in  waters  flowing  therefrom  or  in  waters  below  the  bounday  in  rivers  flow- 
ing across  the  boundary,  the  commission  shall  require,  as  a  condition  of  its 
approval  thereof,  that  suitable  and  adequate  provision,  approved  by  it,  be 
made  for  the  protection  and  indemnity  of  all  interests  on  the  other  side  of  the 
line  which  may  be  Injured  thereby. 

The  majority  of  the  commissioners  shall  have  power  to  render  a  decision.  In 
ease  the  commission  is  evenly  divided  upon  any  question  or  matter  presented 
to  it  lor  decision,  separate  reports  shall  be  made  by  the  commissioners  on  each 
side  to  their  own  Government.  The  High  Contracting  Parties  shall  thereupon 
endeavor  to  agree  upon  an  adjustment  of  the  question  or  matter  of  difference, 
and  if  an  agreement  is  reached  between  them  It  shall  be  reduced  to  writing 
in  the  form  of  a  protocol,  and  shall  be  communicated  to  the  commissioners,  who 
shall  take  such  further  proceedings  as  may  be  necessary  to  carry  out  such 
agreement. 

Abticle  IX. 

The  High  Contracting  Parties  further  agree  that  any  other  questions  or 
matters  of  difference  arising  between  them  involving  the  rights,  obligations,  or 
interests  of  either  in  relation  to  the  other  or  to  the  inhabitants  of  the  other, 
along  the  common  frontier  between  the  United  States  and  the  Dominion  of 
Canada,  shall  be  referred  from  time  to  time  to  the  International  Joint  Com- 
mission for  examination  and  report,  whenever  either  the  Government  of  the 
United  States  or  the  Government  of  the  Dominion  of  Canada  shall  request  that 
such  questions  or  matter:^  of  difference  be  so  referred. 

The  International  Joint  Commission  is  authorized  in  each  case  so  referred 
to  examine  into  and  report  upon  the  facts  and  circumstances  of  the  particular 
questions  and  matters  referred,  together  with  si!ch  conclusions  and  recommenda- 
tions as  may  be  appropriate,  subject,  however,  to  any  restrictions  or  exceptions 
which  may  be  imposed  with  respect  thereto  by  the  terms  of  the  reference. 

Such  reports  of  the  commissions  shall  not  be  regarded  as  decisions  of  the 
questions  or  matters  so  submitted  either  on  the  facts  or  the  law,  and  shall 
in  no  way  have  the  character  of  an  arbitral  award. 

The  commission  shall  make  a  joint  report  to  both  Governments  in  all  cases 
in  which  all  or  a  majority  of  the  commissioners  agree,  and  In  case  of  disagree- 
ment the  minority  may  make  a  joint  report  to  both  Governments  or  separate 
reports  to  their  respective  Governments. 

In  case  the  commission  is  evenly  divided  upon  any  question  or  matter  re- 
ferred to  it  for  report,  separate  reports  shall  be  made  by  the  commissioners  on 
each  side  to  their  own  Government. 

Abticle  X. 

Any  questions  or  matters  of  difference  arising  between  the  High  Contracting 
Parties  Involving  the  rights,  obligations,  or  Interests  of  the  United  States  or 
of  the  Dominion  of  Canada  either  in  relation  to  each  other  or  to  their  respec- 
tive Inhabitants,  may  be  referred  for  decision  to  the  International  Joint  Com- 
mission by  the  consent  of  the  two  parties,  It  being  understood  that  on  the  part 
of  the  United  States  any  such  action  will  be  by  and  with  the  advice  and  consent 
of  the  Senate,  and  on  the  part  of  His  Majesty's  Government  with  the  consent 
of  the  Governor  General  in  Council.  In  each  case  so  referred  the  said  com- 
mission is  authorized  to  examine  into  and  report  upon  the  facts  and  circum- 
stances of  the  particular  questions  and  matters  referred,  together  with  such 
conclusions  and  recommendations  as  may  be  appropriate,  subject,  however,  to 
any  restrictions  or  exceptions  which  may  be  imposed  with  respect  thereto  by 
the  terms  of  the  reference, 

A  majority  of  the  said  commission  shall  have  power  to  render  a  decision  or 
finding  upon  any  of  the  questions  or  matters  so  referred. 

If  the  said  cmmisslon  is  equally  divided  or  otherwise  unable  to  render  a  de- 
cision or  finding  as  to  any  questions  or  matters  so  referred.  It  shall  be  the  duty 
of  the  commissioners  to  make  a  joint  report  to  both  Governments,  or  separate 
reports   to   their  respective   Governments,   showing   the   different   conclusions 


410     DIVERSION  OF  WATER  EROM  GREAT  LAKES  AND  NIAGARA  RIVEB- 

arrived  at  with  regard  to  the  matters  or  questions  so  referred,  which  questions 
or  matters  shall  thereupon  be  referred  for  decision  by  the  High  Contractiug 
Parties  to  an  umpire  chosen  in  accordance  with  the  procedure  prescribed  ia 
the  fourth,  fifth,  and  sixth  paragraphs  of  Article  XLV  of  The  Hague  Convention 
for  the  pacific  settlement  of  international  disputes,  dated  October  eighteenth, 
nineteen  hundred  and  seven.  Such  umpire  shall  have  power  to  render  a  final 
decision  with  resi)ect  to  those  matters  and  questions  so  referred  on  which  tlie 
commission  failed. 

Article  XI. 

A  duplicate  original  of  all  decisions  rendered  and  joint  reports  made  by  tlie 
commission  shall  be  transmitted  to  and  filed  with  the  Secretary  of  State  of  t!>e   | 
Ignited  States  and  the  Governor  General  of  the  Dominion  of  Canada,  and  to 
them  shall  be  addressed  all  communications  of  the  commissions. 

Article  XII. 

The  International  Joint  Commission  shall  meet  and  organize  at  Washinpt^n 
promptly  after  the  members  thereof  are  appointed,  and  when  organized  tbe 
commission  may  fix  such  times  and  places  for  its  meetings  as  may  be  necessary, 
subject  at  all  times  to  special  call  or  direction  by  the  two  Governments.  Elaoh 
commissioner,  upon  the  first  joint  meeting  of  the  commission  after  his  appoint- 
ment, i^all,  before  proceeding  with  the  work  of  the  commission,  make  and 
subscribe  a  solemn  declaration  in  writing  that  he  will  faithfully  and  impartially 
I^erform  the  duties  imposed  upon  him  under  this  treaty,  and  such  declaration 
shall  be  entered  on  the  records  of  the  proceedings  of  the  commission. 

The  United  States  and  Canadian  sections  of  the  commission  may  each  appoint 
a  secretary,  and  these  shall  act  as  joint  secretaries  of  the  commission  at  its 
joint  session,  and  the  commission  may  employ  enjaineers  and  clerical  assistants 
from  time  to  time  as  it  may  deem  advisable.  The  salaries  and  personal  expenses 
of  the  commission  and  of  the  secretaries  shall  be  paid  by  their  respective  Gov- 
ernments, and  all  reasonable  and  necessary  joint  expenses  of  the  commission 
incurred  by  it  shall  be  paid  in  equal  moieties  by  the  High  Contracting  Parties. 

The  commission  shall  have  power  to  administer  oaths  to  witnesses,  and  to 
take  evidence  on  oath  whoever  deemed  necessary  in  any  proceeding,  or  in- 
quiry, or  matter  within  its  jurisdiction  under  this  treaty,  and  all  parties  in- 
terested therein  shall  be  given  convenient  opportunity  to  be  heard,  and  the  High 
Contracting  Parties  agree  to  adopt  such  legislation  as  may  be  appropriate  and 
necessary  to  give  the  commission  the  powers  above  mentioned  on  each  side  of 
the  boundary,  and  to  provide  for  the  issue  of  subpoenas  and  for  compelling  the 
attendance  of  witnesses  in  proceedings  before  the  commission.  The  commission 
may  adopt  such  rules  of  procedure  as  shall  be  in  accoi-dance  with  justice  and 
equity  and  may  make  such  examination  in  person  and  through  agents  or  em- 
ployees as  may  be  deemed  advisable. 

Article  XIII. 

In  all  cases  where  special  agreements  between  the  High  Contracting  Parties 
hereto  are  referred  to  in  the  foregoing  articles,  such  agreements  are  understood 
and  Intended  to  include  not  only  direct  agreements  between  the  High  Con- 
tracting Parties,  but  also  any  mutual  arrangement  between  the  United  States 
and  the  Dominion  of  Canada  expressed  by  concurrent  or  reciprocal  legislation 
on  the  part  of  Congress  and  the  Parliament  of  the  Dominion. 

Article  XIV. 

The  present  treaty  shall  be  ratified  by  the  President  of  the  United  States  of 
America,  by  and  with  the  advice  and  consent  of  the  Senate  thereof,  and  by 
His  Britannic  Majesty.  The  ratifications  shall  be  exchanged  at  Washington  as 
soon  as  possible  and  the  treaty  shall  take  effect  on  the  date  of  the  exchange  of 
its  ratifications.  It  shall  remain  in  force  for  five  years,  dating  from  the  day  of 
exchange  of  raMfications,  and  thereafter  until  terminated  by  twelve  months* 
written  notice  given  by  either  High  Contracting  Party  to  the  other. 

In  faith  whereof  the  respective  plenipotentiaries  have  signed  this  treaty  in 
duplicate  and  have  hereunto  afiixed  their  seals. 


^—i 
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Done  at  Washington  the  eleventh  day  of  January,  In  the  year  of  our  I^rd 
nineteen  hundred  and  nine. 

(Signed)  Elihu   Root.      [seai^] 

(Signed)  James   Brtce.     [seal.] 

And  whereas  the  Senate  of  the  United  States  by  their  resolution  of  March 
third,  nineteen  hundred  and  nine  (two-thirds  of  tlie  Senators  present  concurring 
therein),  did  advise  and  consent  to  the  ratification  of  the  said  treaty  with 
the  following  understanding,  to  wit : 

Resolved  further  (a«  a  part  of  this  ratification),  That  the  United  States  ap- 
l>roves  this  treaty  with  the  understanding  that  nothing  in  this  treaty  shall  be 
construed  as  affecting  or  changing  any  existing  territorial  or  riparian  rights 
in  the  water,  or  rights  of  the  owners  o2  lauds  under  water,  on  either  side  of 
the  international  boundary  at  the  rapids  of  the  Saint  Marys  River  at  Sault 
Sainte  Marie,  in  the  use  of  the  waters  flowing  over  such  lands,  subject  to  the 
requirements  of  navigation  in  boundary  waters,  and  of  navigation  canals,  and 
\nthout  prejudice  to  the  existing  right  of  the  United  States  and  Canada,  each 
to  use  the  waters  of  the  Saint  Marys  River  within  its  ow^n  territory ;  and  fur- 
ther, that  nothing  in  this  treaty  shall  be  construed  to  interfere  with  the  drain- 
age of  wet,  swamp,  and  overflowed  lands  into  streams  flowing  into  boundary 
waters,  and  that  this  interpretation  will  be  mentioned  in  the  ratification  of 
this  treaty  as  conveying  the  true  meaning  of  the  treaty,  and  will,  in  effect,  form 
part  of  the  treaty. 

And  whereas  the  said  understanding  has  been  accepted  by  the  Government 
of  Great  Britain,  and  the  ratifications  of  the  two  Governments  of  the  said  treaty 
were  exchanged  in  the  city  of  Washington  on  the  fifth  day  of  May,  one  thousand 
nine  hundred  and  ten ; 

Now,  therefore,  be  it  know^n  that  I,  William  Howard  Taft,  President  of  the 
United  States  of  America,  have  caused  the  said  treaty  and  the  said  under- 
standing, as  forming  a  part  thereof,  to  be  made  public,  to  the  end  that  the  same 
and  every  article  and  clause  thereof  may  be  observed  and  fulfilled  with  good 
faith  by  the  United  States  and  the  citizens  thereof. 

lu  testimony  whereof  I  have  hereunto  set  my  hand  and  caused  the  seal  of 
the  United  States  to  be  aflJxed. 

Done  at  the  city  of  Washington  this  thirteenth  day  of  May,  in  the  year  of  our 
Lord  nineteen  hundre<l  and  ten,  and  of  the  independence  of  the  United  States  of 
America  the  one  hundred  and  thirty-fourth. 

[SEAL.]  Wm.  H.  Taft. 

By  the  President: 
P.  C.  Knox, 

Secretary  of  State. 

Protocol  of  Exchaxge. 

On  proceeding  to  the  exchange  of  the  ratifications  of  the  treaty  signed  at 
Washington  on  January  eleventh,  nineteen  hundred  and  nine,  betwivn  the 
United  States  and  Great  Britain,  relating  to  boun<lary  waters  and  questions 
arising  along  the  boundary  between  the  United  States  and  the  Dominion  of 
Canada,  the  undersigned  plenipotentiaries,  duly  authorized  tliereto  by  their  re- 
spective Governments,  hereby  declare  that  nothing  in  this  treaty  shall  be 
construed  as  affecting,  or  changing,  any  existing  territorial  or  riparian  rights 
in  the  water,  or  rights  of  the  owners  of  lands  under  water,  on  either  side  of 
the  international  boundary  at  the  rapids  of  the  Saint  Marys  River  at  Sault 
Sainte  Marie,  in  the  use  of  the  waters  flowing  over  such  lands,  subject  to  the 
requirements  of  navigation  in  boundary  waters  and  of  navigation  canals,  and 
without  prejudice  to  the  existing  right  of  the  Ignited  States  and  Canada,  each 
to  use  the  waters  of  the  Saint  Marys  River,  within  Its  own  territory  ;  and  further, 
that  nothing  in  this  treaty  shall  be  construed  to  interfere  with  the  drainage  of 
wet,  swamp,  and  overflowed  lands  Into  streams  flowing  Into  boundai-y  waters, 
and  also  that  this  declaration  shall  be  deemed  to  have  equal  force  and  effect 
as  the  treaty  Itself  and  to  form  an  integral  part  thereto. 

The  exchange  of  ratiflcatlons  then  took  place  In  the  usual  form. 

In  witness  whereof  they  have  signed  the  present  protocol  of  exchange  and 
have  afl[ixed  their  seals  thereto. 

Done  at  Washington  this  fifth  day  of  May,  nineteen  hundred  and  ten. 

Philandek  C.  Knox,     [seal.] 
James  Bbyce.  [seal.] 
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DesvrcAle  alterations, — Although  the  operation  of  the  treaty  has 
been  successful  and  satisfactory  to  date,  and  no  difficulty  has  ari^n 
because  of  the  distinction  between  diversions  from  boundary  waters 
and  diversions  from  waters  tributary'  to  boundary  waters,  it  is 
deemed  advisable  in  the  interest  of  clearness  and  to  avoid  possible 
future  complicatons,  to  modify  Articles  II  and  III  of  the  treaty  so 
as  to  extend  the  jurisdiction  of  the  International  Joint  Commission 
to  such  tributary  waters. 

Article  V  of  the  treaty  deals  with  the  matter  of  the  diversion  of  the 
waters  of  Niagara  River  for  power  production.  When  the  article 
was  agreed  upon  it  covered  the  existing  situation.  Now,  however,  it 
is  felt  to  be  outgrown.  Power  installations  now  under  construction 
will  give  sufficient  capacity  to  divert  water  in  excess  of  the  limits 
defined  in  this  article  on  both  sides  of  the  river.  There  is  a  steadily 
increasing  demand  for  power,  and  whatever  diversions  may  hie 
allowed  in  the  future,  it  is  certain  that  a  market  will  soon  be  found 
for  all  the  power  that  can  be  developed.  Under  the  plans  outlined 
in  Appendices  C  and  D  of  this  report  a  greater  diversion  than  that 
authorized  in  Article  V  can  safely  be  allowed,  while  at  the  same  time 
the  scenie  preservation  is  cared  for  in  what  is  believed  to  be  the  best 
possible  manner. 

The  amount  of  water  that  can  be  diverted  from  the  Niagara  River 
without  serious  damage  to  the  scenic  beauty  of  the  Falls  and  rapids 
has  been  fully  discussed  in  Appendix  C  of  this  report.  It  was  there 
stated  that  a  total  diversion  of  80,000  cubic  feet  per  second  migfit 
safely  be  allowed  if  half  of  it  were  returned  to  the  Maid-of-the-Mi?t 
Pool  and  if  suitable  remedial  works  were  constructed.  This  figure 
was  considered  to  be  a  minimum.  It  is  quite  possible  that  when  this 
amount  has  been  diverted,  observation  will  show  that  a  further  di- 
version is  allowable. 

The  reasons  for  the  unec^ual  division  of  diversions  from  the  upper 
Niagara  River  stipulated  m  the  treaty  have  been  given  in  Section 
I-l,  and  it  ha&  there  been  explained  that  these  reasons  no  lon^r  hold. 
However  correct  and  just  these  provisions  of  diversion  limits  in 
Article  V  may  have  been  in  1910,  it  appears  evident  that  they  are  not 
now  satisfactory  or  just,  and  that  the  increases  granted  should  be  so 
apportioned  as  to  make  the  total  diversions  from  Niagara  River  for 
power  development  equal  on  both  sides  of  the  boundary. 

In  section  F  of  this  report  the  methods  of  utilizing  the  diversion  to 
the  best  advantage  have  been  considered  at  some  length.  The  proj- 
ects in  which  water  is  diverted  from  the  Upper  River,  discharged 
into  the  Maid-of -the-Mist  Pool  and  then  drawn  again  from  that  pool 
for  utilization  at  a  lower  stage,  were  not  thought  to  be  desirable.  In 
the  case  of  the  two-stage  propositions  described  in  Section  F  it  may  at 
times  be  advisable  to  draw  a  certain  amoimt  of  water  from  the  Miiid- 
of-the-Mist  Pool.  For  this  reason  it  is  thought  that  the  treaty  should 
permit  the  use  of  water  in  this  manner.  Under  the  present  treaty  the 
diversion  of  water  from  the  Maid-of -the-Mist  Pool  and  around  the 
'Whirlpool  and  Lower  Rapids  is  left  under  the  jurisdiction  of  the 
International  Joint  Conmiission  without  any  specific  limitation.  The 
use  of  such  diversion  is  so  intimately  allied  with  the  use  of  diversion-^ 
from  the  Upper  River  that  it  seems  advisable  to  include  it  in  Arti- 
cle V. 
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The  introductory  sentence  of  Article  V  states  that  "  it  is  expedient 
to  limit  the  diversion  of  waters  from  the  Niagara  River  so  that  the 
level  of  Lake  Erie  and  the  flow  of  the  streams  shall  not  be  appre- 
ciably affected."  Diversions  from  the  Maid-of-the-Mist  Pool  do  not 
affect  the  level  of  Lake  Erie,  but  they  do  affect  the  "  flow  of  the 
stream."  They  also  affect  the  scenic  beauty  of  the  Lower  Rapids. 
That  the  preservation  of  the  scenic  beauty  of  the  Falls  and  rapids 
was  one  of  the  underlying  motives  which  led  to  the  adoption  of  the 
treaty  is  a  well-known  historical  fact  which  is  amply  confirmed  by 
the  language  of  the  Burton  Act,  section  4  of  which  reads  as  follows : 

Sec.  4.  That  the  President  of  the  United  States  is  respectfully  requested  to 
opeu  negotiations  with  the  Government  of  Great  Britain  for  the  purpose  of 
effectually  providing  by  suitable  treaty  with  said  Government  fOr  such  regu- 
lation and  control  of  the  waters  of  Niagara  River  and  its  tributaries  as  will 
preserve  the  scenic  grandeur  of  Niagara  Falls  and  of  tlie  rapids  in  said  river. 

For  these  i^easons  it  would  be  well  if  this  motive  were  added  in 
the  introduction  to  Article  V  of  the  treaty. 

In  the  operation  of  large  hydroelectric  plants  the  amount  of  wa- 
ter used  is  not  completely  under  the  control  of  the  operators.  The 
action  of  some  consumer,  possibly  miles  away,  may  throw  an  in- 
creased load  upon  the  generators.  The  governors  will  at  once  open 
the  gates  of  the  turbines,  and  more  water  will  be  passed  through 
them.  It  thus  happens  that  a  company  trying  to  obtain  the  full 
benefit  of  the  diversion  allotted  it  will,  from  time  to  time,  violate 
the  provisions  of  its  permit  through  no  fault  of  its  own.  If  the 
limitations  of  the  permit  are  rigidly  enforced,  this  condition  com- 
pels the  company  to  leave  a  constant  margin  of  safety,  and  habitu- 
aih  develop  less  power  than  it  is  lawfully  entitled  to,  thus  sustain- 
ing a  financial  loss  which  ultimately  falls  on  the  community. 

These  accidental  peak  loads  occur  so  seldom  and  are  of  such  brief 
duration  that  it  is  to  the  advantage  of  all  concerned  that  the  com- 
panies should  not  be  penalized  because  of  them.  It  is  desirable, 
therefore,  that  all  permits  should  be  so  worded  that  such  accidental 
temporary  peaks  will  not  be  deemed  a  violation  of  the  permit.  The 
treaty  also  should  preferably  be  so  framed  as  to  allow  small  acci- 
dental diversion  in  excess  of  its  limitations. 

There  is  a  question  as  to  the  advisability  of  altering  the  treaty  so 
as  to  deal  more  in  detail  with  those  matters  concerning  the  construc- 
tion of  compensating  works  other  than  the  "  remedial  works  "  at 
the  Horseshoe  Falls.  It  is  believed  that  the  treaty  is  satisfactory 
iiow  in  this  respect.  Such  works  are  essential,  but  there  has  been  no 
difficulty  in  providing  them  at  Sault  Ste.  Marie  under  the  present 
treaty,  and  there  appears  no  reason  why  equal  satisfaction  might 
not  be  experienced  elsewhere.  Joint  legislative  action  of  the  United 
States  and  Canada  is  necessary,  and  approval  of  the  projects  by  the 
International  Joint  Commission.  Suggestion  is  made  of  the  advisa- 
bility of  establishing  in  this  connection  a  permanent  commission 
of  advisory  engineers,  well  informed  on  matters  pertaining  to  the 
hydraulics  of  the  Great  Lakes. 

3.   INTERESTS   OP   VARIOUS   STATES. 

The  States  of  Minnesota,  Wisconsin,  Michigan,  Illinois,  Indiana, 
Ohio,  Pennsylvania,  and  New  York,  and  the  Canadian  Provinces  of 
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Ontario  and  Quebec  abut  upon  the  waters  of  the  Great  Lakes  and 
the  St.  Lawrence  River,  and  are  affected  by  diversions  of  these 
waters.  The  character  of  these  effects  have  been  discussed  in  Sec- 
tion G.  The  State  of  Missouri,  Kentucky,  Tennessee,  Arkansas, 
Mississippi,  and  Louisiana  are  situated  on  the  Mississippi  Kiver 
below  the  point  where  the  diversion  of  the  Chicago  Drainage  Canal 
is  received,  and  have  at  least  a  theoretical  interest  in  that  diver- 
sion. These  14  States  and  2  Provinces  have  a  total  population  of 
about  61,000,000,  containing  63  per  cent  of  the  population  of  the 
continental  United  States  and  63  per  cent  of  the  population  of  the 
Dominion  of  Canada. 

The  State  of  Missouri  has  claimed  a  vital  interest  in  the  Chicago 
diversion  on  the  ground  that  it  causes  a  dangerous  pollution  of  the 
Mississippi  Eiyer  from  which  St.  Louis  and  other  cities  of  that 
State  draw  their  water  supply.  When  they  brought  suit  to  restrain 
the  Sanitary  District  from  creating  this  diversion  they  were  un- 
able to  prove  that  any  such  pollution  occurred,  and  the  Supreme 
Court  dismissed  the  case  without  prejudice.  It  is  not  impossible 
that  in  the  future  the  discovery  of  further  evidence  may  lead  to 
the  reopening  of  the  case.  A  more  detailed  account  of  this  case  is 
presented  in  Section  B. 

The  other  States  on  the  Mississippi  have  but  a  very  small  interest 
in  this  diversion.  It  increases  the  river  flow  by  about  8,800  cubic 
feet  per  second  and  increases  the  volume  and  height  of  floods.  As 
the  flood  flow  amounts  to  from  600,000  to  2,000,000  cubic  feet  per 
second,  the  increase  due  to  the  addition  of  the  Chicago^  diversion 
must  be  inappreciable.  At  extreme  low  water  the  navigation  of 
the  Mississippi  suffers  from  insufficient  draft.  On  the  25-mile 
stretch,  between  the  mouth  of  the  Illinois  River  and  the  mouth  of 
the  Missouri,  extreme  low-water  flows  as  small  as  25,000  cubic  feet 
per  second  have  been  reported.  Under  such  conditions  the  addition 
of  the  Chicago  diversion  would  be  a  real  assistance  to  navigation. 
It  is  estimated  that  the  diversion  actually  increases  the  low- water 
depths  by  about  four-tenths  of  a  foot.  The  actual  assistance  to  navi- 
gation is  very  small,  as  the  volume  of  navigation  is  not  great,  and 
the  assistance  is  only  needed  during  a  very  few  weeks  of  low  water 
in  each  year.  At  other  times  the  available  depths  are  ample.  Far- 
ther down  the  river,  and  especially  below  Cairo,  the  increase  in 
low-water  depths  is  much  less  than  four-tenths  of  a  foot. 

The  State  of  Minnesota  is  affected  by  the  diversions  at  the  Soo. 
As  the  effect  of  these  has  been,  or  soon  will  be,  completely  com- 
pensated, this  State  is  not  directly  interested  in  the  question  of  diver- 
sion as  far  as  water  levels  in  its  harbors,  rivers,  and  canals  are  con- 
cerned. It  has,  however,  a  vital  interest  in  the  lowering  of  the 
other  lakes  as  its  ports  handle  a  very  large  part  of  the  total  lake 
commerce  in  ore,  coal,  and  grain. 

The  other  seven  States  which  abut  upon  the  Great  Lakes  all  have 
their  problems  of  harbors  and  canals,  which  are  directly  affected  by 
the  diversions  at  Chicago,  Niagara  Falls,  and  other  places.  The 
benefit  of  these  diversions  is  chiefly  confined  to  Illinois  and  to  New 
York,  and  each  of  these  two  States  suffers  somewhat  from  the 
diversions  of  the  other. 
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It  is  not  intended  to  attempt  to  discuss  the  principles  of  constitu- 
tional law  involved.  It  appears  from  an  engineering  point  of  view, 
liowever,  that  the  adjustment  of  the  conflicting  and  widely  varying 
interests  of  such  a  large  number  of  States  is  a  matter  with  which 
only  the  Federal  Government  can  justly  and  effectively  deal.  This 
view  has  not  always  been  accepted.  It  has  been  claimed  on  behalf 
of  the  States  of  Illinois  and  New  York  that  use  by  them  of  the  waters 
adjacent  to  their  shores  is  a  purely  domestic  matter  with  which 
neither  the  Federal  Government  nor  any  other  State  could  interf ere. 
The  claim  of  Illinois  is  now  being  considered  by  a  Federal  court  in 
the  case  of  the  United  States  v.  The  Sanitary  District  of  Chicago, 
and  it  is  hoped  that  the  decision  in  this  case  will  settle  that  point. 
This  case  is  described  in  Section  B. 

The  contention  of  the  State  of  New  York  is  somewhat  different. 
The  attorney  general  of  that  State  appeared  before  the  House  of 
Representatives  Committee  on  Foreign  Affairs  in  1912  to  object  to 
the  passage  of  certain  bills  concerning  the  diversion  at  Niagara.  He 
admitted  that  the  Federal  Government  had  the  right  to  limit  diver- 
sions and  grant  permits  for  diversions,  but  claimed  that  its  rights 
ended  there,  and  that  the  permits  could  not  be  conditional.  It  was 
desired  that  the  Government  should  fix  a  definite  limit  on  the  diver- 
sion and  then  leave  to  the  State  the  allotment  of  the  diversion  to  dif- 
ferent companies,  and  the  regulation  of  its  use.  The  contrary  view  is 
that  the  Government  may  grant  permits  for  ceitain  parts  of  the  di- 
version and  make  them  conditional  upon  the  attainment  of  certain 
efficiencies,  the  maintaining  of  certain  rates,  or  the  observance  of  any 
other  conditions  it  sees  fit  to  impose.  The  latter  view  would  appear 
to  be  more  in  accordance  with  the  tend  of  recent  legislation,  and 
recent  decisions  of  the  Supreme  Court. 

W.   S.  ElCHMOND. 
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